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transmission by post as a newspaper. 


Type 45 is a 2.5 volt triode and type 47 a pentode, both of which 
are still encountered in the output stages of early American 
receivers. 


The triode type 2A3 will replace the 45 directly, and, with minor 
circuit changes, the 47 also. Substitution of the 47 will result in 
loss of sensitivity, and the power output will fall unless the output 
transformer is changed or its turns ratio reduced to match the 
new optimum load. 


Because of the higher filament current of the 2A3, the valve must 
make good contact in its socket and the leads to the mains trans- 
former must of heavy-gauge wire. 


CHARACTERISTICS 


47 45 2A3 
Filament Voltage 2.5: 9225: “QeS volts 
Filament Currenc> 1.75 les 2 5 amp. 
Anode Voltage 250), 250 250 volts 
Anode Current 31 34 33 mA. 
Grid Bias -16.5 -50 -50 volts 
Bias Resistor 450 1500 1500 ohms 
Optimum Load 7000 3900 4000 ohms 
TYPE 47 TYPES 45 & 2A3 Power Output Dre: 1.6 2.0 watts 


CHANGE SOCKET | CHANGE CONNECTIONS 
en OTHER WORK PERFORMANCE 


FROM OLD | TO NEW NECESSARY CHANGE 
FROM TO SOCKET SOCKET 


U.X. 4 PIN 
NO CHANGE NO CHANGE NONE NEGLIGIBLE 


. Change Bias Resistor to 
Piacoa 1500 ohms 2 watt and 
2 Bias condenser to 25u F. Reduced 


Pin No. | 
2 
3 3 50 volts working. _ If Sensitivity. 
4 
5 


U.X. U.X. 

47 5 PIN 4 PIN \ fixed bias is employed 

Disconnect. | ic inust be adjusted to See rote. 

: 4 give an anode current of 
nine approx. 35 mA. 
See note. 


BRIMARIZING ...A scheme 
devised by BRIMAR for keep- 


Note: For maximum power the output transformer turns ratio must be reduced to } of its previous value. 
ing repatr lines on ihe move, a 
means whereby radio sets may 


be kept working happily in the : 
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Course Of TV Lectures In Wellington 


The response to our announcement in the April issue of Radio and Electronics concerning the possibility of 
a course of lectures on the fundamentals of television technique has been most gratifying. In spite of the 
fact that plans for the course have, up till now been purely tentative, pending some indication of the sup- 
port that might be expected, a surprisingly large number of people have assisted us by returning the form 
printed with the announcement. It has therefore been possible to decide that the course will definitely take 
place in Wellington. A suitable lecture room has been booked, and preparation of the demonstration equip- 
ment is now in full swing in our laboratory. A fuller announcement, giving the dates for the Wellington 
course will be found on page 11 of this issue. We would like to emphasize that those wishing to attend 
should submit their names as soon as possible, in case it should be necessary, for reasons of space, to limit 
the numbers. We have been greatly encouraged by the interest and enthusiasm of all who have spoken to 
us about the course, and of those who have indicated their willingness to attend. So much so that we hope 
it will not be too long after September before everyone will have an opportunity of putting his knowledge 
of TV into practical use. 


A Demonstration of Sound - Reproducing 
| Equipment 


It is well known that the majority of our readers take a great interest in sound reproduction and all that 
pertains to it. It is only to be expected, then, that we should have awaited with considerable interest a 
demonstration which took place in Wellington on Thursday and Friday, the 7th and 8th of May, when 
Messrs, Swan Electric Co, Ltd., in conjunction with the Rola Company of Australia, turned on a demon- 
stration of high-quality equipment for the benefit of the radio trade and industry. Needless to say, the object 
of the demonstrations was to introduce a new loudspeaker, designed to give high-quality reproduction at a 
low price, but salesmanship was not allowed to obtrude itself too much into what was in any event a very 
enjoyable social function. 


There are, of course, those who say that high quality and low price are incompatible, but after hearing 
the demonstration, we are not at all sure that we would agree with them. We do not mean that nothing 
about the demonstration or its equipment merited criticism. That aspect is being reserved for a separate 
article in our next issue. 


What we are more concerned with at the moment is that such a demonstration was given, before an audi- 
ence which could be expected to be highly, if not super-critical, and that a very instructive and enjoyable 
evening was had by all. It is almost unnecessary to say that there are as many different ideas about the elec- 
trical reproduction of music as there are people interested. Indeed, the old Latin tag about “tot homines 
: ” was never so apposite as when applied to this subject. The multifarious opinions to be found come 
not only from the users of audio equipment, but also from its designers and manufacturers, whether they 
are primarily interested in loudspeakers, pick-up, microphones, recording equipment, or what you will. Each 
maker of any one of these classes of gear has his own ideas of what is required, and is obviously sincere 
in his views. Nor is he backward in advertising them, since his livelihood *largely depends on efficient 
advertising. The sort of equipment we are discussing is largely bought and used by enthusiastic amateurs, 
as well as by professional people, with the result that any particular product which sets out to capture a 
portion of the “high-fidelity” market soon obtains a reputation which is founded partly on the maker’s pub- 
licity, and partly on what the individual purchasers think. The latter type of publicity is obtained by the 
maker whether he likes it or not, and in the case of a thing that becomes popular, can have repercussions 
which are very favourable, or just the reverse, depending on a number of imponderable factors, such is the 
fickleness of public opinion. In the long run, of course, true worth will tell, but the vagaries of popular 
opinion are likely to have considerable effect on commercial success, either one way or the other. 


It is perhaps for this reason that it has never been the custom for high-quality audio equipment to be 
sold on the strength of large-scale demonstrations, in spite of the fact that this would seem on the surface 
to be the most logical way of impressing on the public the worth of one’s wares. The root of the difficulty, 
however, is to be found in the fact that high-quality audio can never be described in terms of technical 
specifications alone, because one part of the whole system js outside the designer’s sphere of action—namely 
the ear of the listener. What appears to one as superlative quality can sound repulsive to another, and not 
at all because of limitations in the equipment, so that no one is to be blamed if they jib at public demonstra- 
tions of audio gear. ® 


It is all the more to the credit of the Rola Company, then that they have had the courage of their con- 
victions to the extent of inviting the criticism of professional and amateur alike, no doubt realizing fully 
that the strictures of the informed amateur can be more devastating than anything else! They have invited 
criticism, moreover, on the implied basis of much more costly loudspeakers that everyone in the audience 
must know, and the amount of favourable comment heard round the supper table afterwards certainly jndi- 
cated that their enterprise was well rewarded. It would be a good thing if these demonstrations were to set 
a fashion. We might then be treated to less of the uninformed criticism and dogma that sé to abound 
with regard to reproduced music and methods of attaining it. 


, we are distributors 


We ate New Zealand.agents of the above Companies and theit products. In addit! Co) 
for many other famous brands of radio components. ‘ 


TURNBULL & JONES LTD., P.O. BOX 2195, WELLINGTON 


and at Auckland, Hamilton, Palmerston North, Christchurch, Dunedin, Invercargill. 
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Extension Loudspeakers 


One of the apparently simple problems of radio, which 
turns out to be not quite so simple when closely 
examined, is that of providing a set or amplifier with an 
extension speaker. It is also one of those cases where 
the strictly theoretical approach often does not give an 
acceptable answer in practice. Almost all the practical 
solutions commonly used represent some sort of a com- 
promise, so it is just as well to know what are the 
factors involved, and what liberties can be taken with 
the theoretical answer while still giving satisfactory 
performance. 
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Fig. 4 


MATCHING THE TWO SPEAKERS 


Since the designer of a set or amplifier is careful to 
ensure that the speaker is correctly matched to the 
output stage, the first and most obvious question is 
whether adding a second speaker will upset the condi- 
tions under which the output stage has to work. Theo- 
retically, adding a second speaker requires that each 
speaker should have its own secondary on the output 
transformer, or at least its own tap on a tapped second- 
ary winding. Suppose, for example, that the two speakers 
have identical impedances—say 15 ohms each. If the 
loading on the amplifier valves is to be the same whether 
one or both speakers are in use, then the secondary 
windings to be used when both are working will have a 
different number of turns from the winding which feeds 
only one of them. It is thus impossible to retain correct 
matching if the main speaker is left connected to its 
original winding, and the other speaker is connected to 
the amplifier in any way at all. The correct solution 
theoretically would be to have three windings on the 
secondary side. One of these would be used when only 
one speaker was connected, but when both were working, 
the other two windings would be used, leaving the 
original winding unconnected. With this arrangement, a 
fairly complicated system of switching could be devised 
which would connect both, or any one of the two 
speakers, while still preserving a correct match for the 
output valves and the speakers themselves. Unfortunately, 
such a procedure would mean installing a new output 
transformer in the set. To make matters worse, the new 
transformer would not be a stock item, and would have 
to be specially made. Altogether, the job would be quite 
a costly one, and even after it was done, we would still 
find it necessary to increase the volume setting in 
order to retain the same volume in each speaker that we 
originally had in the main one, should this be desir- 


able. Going to such lengths might be worth while when 
a home sound installation was being planned, and if it 
was essential to have just as good results from the 
secondary speaker as from the main one, but for ordin- 
ary extension speaker work, it is much too “high- 
falutin’” and costly. In general, an extension speaker 
is a small unit, with no pretensions at all to high-fidelity, 
and which is only required to handle a small output 
power. Usually, too, it is not in use when the main 
speaker is, so that any drop in level in the main speaker 
when the extension speaker is switched in is not worth 


Fig. 2 


worrying about. Neither is any mis-match that occurs 
in either speaker, unless it is so gross that it is impos- 
sible to get a reasonable amount of volume without 
distortion. It does not seem to be generally realized 
that absolutely correct matching is important only when 
maximum power output must be obtained together with 
a minimum of distortion. Quite large mismatches can be 
tolerated without any noticeable effect on the listener, 
and after all, that is what matters most. 


PRACTICAL SCHEMES 


One very common way of connecting an additional 
speaker is shown in Fig. 1. Here, two terminals on the 
back of the chassis (or a "phone jack) feed the primary 
of the extension speaker's transformer, through a 
blocking condenser. Now even with this simple circuit 
there are a number of possibilities. Tf the extension’s 
transformer matches it to the same nominal load imped- 
ance as does the main speaker’s, then the power will be 
shared equally between the two speakers. All that. will 
happen apart from that, is that the load on the output 
valve will be halved when both speakers are working, 
and this will simply reduce the maximum undistorted 
power output of the output valve. Unless an attempt is 
made to work both speakers at something like the full 
volume obtainable from the one main speaker, the reduc- 
tion in power output will never be noticed at all. The 
arrangement is therefore an entirely practical one. Most 
receivers using a single 6V6 or similar valve in the out- 
put stage have output transformers matching the speaker _ 
impedance to 5000 ohms. Thus, it is quite safe to obtain 
an extension speaker whose transformer also matches to 
5000 ohms. If the extension speaker has a transformer 
matching it to, say, 10,000 ohms, it can still be used, 
but the power will then not divide evenly between the 
two speakers. The one with the 5000-ohm transformer 
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will get twice as much power as the one with the 
10,000-ohm transformer, so that in the example men- 
tioned, the extension unit will make less noise than the 
main speaker. This sort of performance is often desir- 
able in any case, as for example, when the main set is 
in a large room, and the extension is in a small one, 
such as a kitchenette. It also has the advantage that 
the mismatch caused on the output valve is less than 
that when both transformers are the same. With two 


Extension 


5000-ohm transformers, the output valve is actually 
loaded by 2500 ohms when they are both in use, but with 
the 5000 and 10,000 ones, the load on the output valve 
is 3,300 ohms—much closer to the “official” figure of 
5000, that the tube requires. 


With this circuit, it is important that the blocking 
condenser should be large enough, otherwise the repro- 
duction from the extension speaker will be lacking in 
bass. Fortunately, large condensers are not necessary, 
and a condenser of 0.25 wf. will give quite satisfactory 
reproduction down to 100 c/sec. There is, in any case, no 
point in aiming at extending low frequency response, 
because small extension speakers are never well enough 
baffled to have much bass response anyway. However, 
should the extension speaker be a good speaker, properly 
baffled, so that frequency response is a consideration, a 
condenser of 1 or 2 microfarads will be quite large 
enough in cases where the transformer primary imped- 
ance is 5000 ohms. In cases where it is larger than this, 
the capacity may be reduced in proportion. For example, 
a condenser of 0.5 wf. with a transformer primary of 
10,000 ohms will have the same bass response as one of 
1 wf. with a transformer primary of 5000 ohms, and so 
on. Incidentally, be sure to use a condenser which has 
a high enough voltage rating. There are a number of 
war surplus 1 and 2 wf. condensers about, with voltage 
ratings of only 15 or so. These should certainly not be 
used. It would be better to play safe and use a 450- or 
600-volt condenser, for should one break down, the dam- 
age could be considerable. 


ONE SPEAKER AT A TIME 


With the scheme of Fig. 1, it is possible to make a 
simple modification, which is shown in Fig. 2, to enable 
only one of the two to be on at once. The only disad- 
vantage of the arrangement is that it is no longer 
-possible for both to be on together, The two switches 
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can both be on a single wafer switch. I*or this, the trans- 
former impedances clearly need to be identical. 


Both the previous schemes involve running the lines 
to the extension at high impedance, with a relatively 
high audio voltage on them. An alternative, which has 
advantages, is to feed the extension from the voice-coil 
winding of the main speaker. When this is done, the 
voltage on the line is very small, but the current through 
it is correspondingly larger, so that care has to be taken 
not to use too fine wire. If the resistance of the line is 
too high, power will be lost in it. However, the require- 
ments are not very severe. The following table, taken 
from the third edition of the Radiotron Designer's 
Handbook, shows the lengths of line that can be used 
with various voice-coil impedances and wire sizes, for 
an arbitrary loss of 15 per cent. in the power delivered 
to the speaker. It will be seen that for low-impedance 
speakers, the permissible lengths are quite small if fine 
wire is used, On the other hnad, very fine wire can be 
used for considerable distances if the voice-coil imped-~ 
ance is even as high as 15 ohms. 


Where secondary connections are used, the same rela- 
tionships hold as in the previous case, with regard to 
the power division between the speakers. For instance, if 
the voice-coil impedances of the speakers are the same, 
the power will divide equally, but just as before, the load 
on the amplifier will be halved. Similarly, an extension 
speaker which has twice the impedance of the main one 
will take a third of the power, leaving the remaining 
two-thirds for the main speaker, and reducing the load 
impedance to 66 per cent. of the original value. 
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VOLUME CONTROL FOR THE EXTENSION 
SPEAKER 


It is often inconvenient to have to go back to the main 
speaker’s position to adjust the volume from the exten- 
sion speaker, so that a volume control is desirable as a 
simple addition. Fig. 3 shows two ways of doing this. 
The series method causes the extension speaker to be 
mismatched at low volume levels, but this is of only 
minor importance, and the circuit has the advantage that 
at low volumes from the extension, it has a negligible 
effect on the volume from the main speaker. The resistor 
in the series connection should preferably have a maxi- 
mum resistance of about 20 times the voice-coil imped- 
ance of the speaker, but even this will not reduce the 
volume level to zero. This can be done, however, by 
using a variable resistor in which there is a gap at one 
end, so that by turning the control fully anti-clockwise, 
the slider is open-circuited. 

With the parallel arrangement, R should be not less 
than 5 times the impedance of the voice-coils. When this 
is the case, the loss in audio power is small, and will be 
unimportant for ordinary domestic purposes. 


In Fig. 4 is shown a satisfactory method of switching 
either or both speakers into circuit. The resistance Rk 
should have a resistance equal to the voice-coil imped- 
ance of the speakers. When this is the case, there is no 
ae of volume as the switch position is changed, since 

the load on the valve is constant. If this system is used, 
it is advisable to have the output transformer of such a 
ratio as to match the plate of the output stage to half the 
impedance: of one speaker. In this case, the correct match- 
ing conditions for the valve are always obtained, 
irrespective of the position of the switch. The circuit 
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does, -however, limit the maximum power that can be 
fed to each speaker to one-half the maximum power 
output of the amplifier. 


H.T.+ 7 
1. Both on ae 
2. A om ss ea oe 
Sh B on ~- ~- 
é 
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ALTERATION TO THE SET 
If it is desired to use this arrangement, but it is 


necessary to have each speaker fed with the same amount 
of power as was originally provided for the one speaker, 
a simple solution, if room can be found for it, is to 
modify the output stage by adding another valve in 
parallel with the output valve. If this is done, the power 
output of the output stage is doubled, and the correct 
matching conditions are preserved for the valves, with- 
out changing the output transformer. Since the actual 
load impedance has been halved, and because two valves 
(Continued on Page 47.) 
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A V.F.0. for the VHF. Transmitter 


In the last issue of Radio and Electronics, the first part of this article described 
the circuit of the V.F.O., which is a Clapp oscillator covering the range 46.6 
mc/sec. to 54 mc/sec. This is followed by a Class A buffer, and an output tetrode 
giving six to seven watts output over the band... This instalment describes the 
construction of the prototype built in our, laboratory. 


, PART II—CONSTRUCTION OF THE V.F.O. 
AND EXCITER 


The unit is built on a chassis 10in. x 5in. x 2} in. 
deep, a drawing for which appears here. The tuned 
circuit components of the oscillator are mounted in 
a small aluminium box 2}in. x 2}in. x 3in., which 
is mounted to the chassis by three bolts. The coil is 
mounted on a stand-off insulator at one end, and one 
stator post of the variable condenser at the other. A 
second stand-off is used as a tie-point for the two 
50 wef. condensers, C2 and Cs; in the circuit diagram, 
which are insseries from one end of the coil to earth. 
Their junction, and the upper end of the coil are the 
only points of attachment of the tuned circuit to the 
oscillator valve, and this method of mounting makes 
both of them.as firm as. possible. Under each stand- 
off insulator is a hole through which the heavy con- 
necting .wires are taken. There are corresponding 
holes in’ the main chassis, so that in the underneath 
view, the bottoms of the insulators can be seen, with 
the wires: coming away from them. 
insulators in this way,.as feed-throughs, the bolt is 
unscrewed, and the wire made into a loop and in- 
serted into the hollow part of the porcelain before 
putting back the bolts. These are then re-affixed with 
their nuts in..the. usual way, and mounted to the 
inside of the box. This method is just as good as 
using proper feed-throughs, and makes the box 
somewhat easier to mount. 


Beside the box, and enclosed in a shield, is the 
EF91 oscillator valve, and behind it in the top-chassis 
view is the second EF91, which is the Class A buffer. 
Because this valve works on the same frequency as 
the oscillator, shielding is important if it is not to 
oscillate on its own account. In the underneath view, 
a baffle-shield can be seen, attached to the back of the 
chassis, and “crossing the socket of the amplifier 
tube. This isolates the oscillator circuit both from the 
Class A,sStage and from the Class C output valve and 
its circ#it, at the sane time forming a cross-socket 
shield for the buffer, _The second. baffle-shield is 
another. piece of aluminium attached by flanges to the 
front edge of the chassis, and to the first baffle-shield. 
The longer portion of the second shield crosses the 
socket of the QV04/7 so as to place the grid pin 
and three others, inside the output compartment of 
the buffer. The QV04/7 socket is a nine-pin one, the 
same asithose used for EF50s, and the socket is 
turned so’ that pins 5, 6, 7, and 8 are on the left-hand 
side of the shield partition (in the photograph). These 
are, respectively,-.the connections to the internal 
shield, the cathode, the control grid, and the internal 
shield again. Thus, all except the grid pin are earthed, 
and this, with the baffle-shield separating it from the 
plate pin, effectively prevents instability due to coup- 
ling between grid and plate outside the valve. 

The variable condenser in the centre of the chassis 
front is the tuning condenser for the buffer, Cs on the 
diagram. The coil for this circuit is mounted with its 
axis vertical, and so is hard to see in the photograph, 
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but its upper end is mounted on the small tag-strip 
which can be seen fixed to the front side of the 
baffle shield, exactly over the valve socket, and oppo- 
site the tuning condenser. Its lower end is fixed to 
one stator post of the variable condenser. 

Both tuning condensers for the output tank circuit 
are mounted on the second baffle shield,-and are oper- 
ated through extension shafts and flexible couplings, 
which can be seen in the photograph. The one near 
the junction of the baffle shields is Cis, the one con- 
nected:to the output terminal. Cy, which connects to 
the plate of the QV04/7 in the diagram, is mounted 
on a small bracket which is itself screwed to the side 
of the baffle-shield. ; 


A CIRCUIT OMISSION 

In the circuit diagram, a fixed condenser was omitted. 
Leaving it out would not prevent the final from working 
unless. there. was a direct connection to earth from the 
output terminal, but in any case would place H.T. volt- 
age on the components of the output tank. There should 
be a blocking condenser between the plate of Vs and the 
junction of Cy and Ls. It is 100 wuf. in size, and cannot 
be seen in the under-chassis photograph, being hidden 
by the condenser’s extension shaft. It should on no 
account be omitted. 
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MOUNTING OF THE OUTPUT TANK COIL 


Although the circuit does not call for it, the output 
tank coil is mounted plug-in fashion, just in case a 
change of frequency range might be needed at some 
time. The mounting is home-made, from two banana 
sockets and a piece of sheet perspex or polystyrene. 
The sockets are mounted in it, the right distance 
apart, which is exactly one inch, and two holes are 
made in the chassis, with centres one inch apart. They 
were made in our own case with the in. socket 
punch used for miniature sockets. This leaves plenty 
of space round the sockets for useful insulation 
material. The coil is made by mounting the two 
banana plugs in another sheet of perspex. After the 
fixing nuts have been put on, the threaded portions 
of the plugs are filed down level with the nuts, and 
liberally tinned with solder. Then, when the coil has 
been wound, it is mounted simply by soldering the 
ends of the coil to the prepared ends of the plugs. 
Then, to add stiffness, two pieces of heavy drawing 
paper, about an eighth of an inch wide, are stuck 
to the turns of the coil with polystyrene dope. These 
stiffeners can be seen in the photograph, and are also 
used on the oscillator coil, though they cannot be 
seen so readily. In the photograph, the lid of the box, 
which covers the top and back has been left off. 


PRE-SET ADJUSTMENTS FOR THE 
OSCILLATOR COIL 


Although they do not show in the circuit diagram, 
the actual oscillator unit was provided with means 
for trimming both the inductance of the coil, and the 
minimum circuit capacity. If the photograph is closely 
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examined, a very small 
variable condenser can be 
seen at the left of the coil 
box. This is an ultra- 
midget variable condenser 
of 10 wef. maximum cap- 
acity, which is connected 
in parallel with Ci, the 
oscillator tuning conden- 
Sem sie hasie hour rotor 
plates and three on_ the 
stator, and the whole 
thing is mounted on a 
minute base only jin. x 
Sin. These are excellent 
in that they can be ad- 
justed through a hole in 
the side of the chassis, 
without taking off the lid 
of the box. However, if 
you cannot come by these, 
a Philips trimmer will be 
quite satisfactory for the 
job. In practice, this con- 
denser was used at about 
a quarter capacity, simply 
to centralize the required 
band of frequencies on 
the dial, and in conjunc- 
tion with the inductance 
trimmer about to be de- 
scribed. 


It is not essential to have an inductance trimmer, 
since the inductance of the coil can be adjusted within 
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quite wide limits merely 
by squeezing or spread- 
ing the turns of the coil 
slightly. The trimming 
device, however, makes 
the final adjustment a 
little more quickly done, 
because with it and the 
midget variable conden- 
ser, final adjustment of 
the frequency range can 
be carried out without 
taking off the lid of the 
coil box. The inductance 
trimmer consists of a 
copper “slug,” fitted to 
the end of a piece of 
threaded rod, and fixed to 
the side of the box by 
means of a threaded bush. 
The slug can be adjusted 
from outside with a 
screwdriver, and fixed in 
its final position by tight- 
ening a locknut on the 
outside. 


The diagram printed here shows the calibration can be seen to be almost a straight line, indicating 
curve of the original model illustrated in the photo- that the band-spreading obtained is nicely linear, 
graphs. The dial reads from 0 to 100, and the curve without any crowding at either end of the frequency 
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range. There is adequate 
overlap to ensure that none 
of the required frequency Q 
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Dial Readings 
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the fundamental frequency 
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With this unit as a start- te | 
ing point, there is no reason 
vhy anyone should have dif- 
ficulty in finding the two 


Frequency in Mc/sec. 


higher bands quite accur- 

ately, and even if the exciter | 
is not used as an actual 
signal source, it can always 


seated 


be used as the basis of 
a beat-frequency-meter, in 
order to spot the exact 
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frequencies of sclf-excited 


oscillators on the higher bands. However, with a 
stable V.F.O. available, much the best plan is to mul- 


tiply up to the other bands, and future articles in 
Radio and Electronics will show how this can be done. 
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TV Lecture Course 


The course of TV lectures which has been publicized 
in the April and May issues of radio and Electronics, 
has received excellent support, and will now definitely 
take place, on the following dates in the lecture room of 
the New Zealand Educational Institute, Evening Post 
Building, Willis Street, Wellington: 


Ist Lecture, Monday, 7th September. 

2nd Lecture, Tuesday, 8th September, 
3rd Lecture, Wednesday, 9th September. 
4th Lecture, Monday, 14th September. 
5th Lecture, Tuesday, 15th September. 
6th Lecture, Wednesday, 16th & eptember. 
7th Lecture, Ditieadsn 17th September. 
8th Lecture, Tuesday, 22nd September. 
9th Lecture, Wednesday, 23rd September. 
10th Lecture, Friday, 25th September. 


Fees 

The fee for the course will be four guineas (£4 4s.), 
payable in advance to Radio and Electronics (N_Z..)3 Lid, 
P.O. Box 8022, Wellington. Receipts will be issued 
immediately, and admission tickets will be forwarded 
later. 


Previous Reading 


Those expecting to attend are recommended to buy 
and read a copy of “The Principles of Television Engi- 
necring,” by A. W. Keen. This should avoid the neces- 
sity for taking lengthy notes during the lectures. We 
have made arrangements for leading booksellers to have 
copies available shortly. 


--Acceptance of Entrants 


The size of the lecture room may cause us to limit 
the numbers attending, All those who have already sent 
in their names will be sure of acceptance, but others 
are urged to book in early to avoid possible disappoint- 
ment. 
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A masterpiece in design and technical excellence—a_three- 
speed automatic record-changer designed to play 12 in., 10 in., 
and the increasingly popular Tin. records intermixed in any 
order. The “Monarch” combines ease and simplicity of opera- 
tion with the high standard of reproduction and performance 
demanded by the most discriminating listener. 


NOTE THESE SEVEN STAR FEATURES 


* Exclusive new “Magidisk” selector automatically selects and 
plays 7in., 10 in., and 12 in. records, intermixed, at 333, 45, 
and 78 r.p.m. Capacity, 10 records. 

* Pick-up automatically returned to rest position and motor 
switched off after last record. 

* New reversible dual stylus crystal pick-up has extended 
frequency range to 10,000 c.p.s. Self-compensated for the 
L.P. lower frequencies with the turnover frequency at the 
correct point. 

* Remarkably compact design makes it an ideal unit for the 
radiogram/TV combination console. 

* Simplicity of design guarantees long life and trouble-free 
operation. 

* Beautiful styling and finish that will harmonize with any 
cabinet design. 

* Operates on 100/125-200/250 volts, 50 cycles A.C. Models 
also available for 60 cycles A.C. 


EMI SUPPLIERS 


(Trade Division of H.M.V. (N.Z.) Ltd.) 


162-172 WAKEFIELD STREET, WELLINGTON 
Phone 54-890 
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The Uses and Duties of a Laboratory in a Radio Manufacturing Firm 


There are number of reasons why an organization 
engaged, among other things, in the production of radio 
receivers, should have available the services of an ade- 
quately staffed and equipped laboratory. The first and 
most essential of these concerns the production of domes- 
tic radio sets themselves. 


RADIO SET PRODUCTION 


The prime purpose of the laboratory is to design the 
sets that the factory is to make, and in doing so, to 
ensure that the factory has well-designed receivers to 
produce. The factory’s function being to operate produc- 
tion lines, it must at all costs be relieved of any doubt 
that the models it turns out might be subject to sys- 
tematic faults which could have been foreseen, or at least 
eliminated in the design stages. In general, it is more 
profitable to spend a certain amount of money in ensur- 
ing that the prototype is in every way suitable for 
production than to spend it in remedying faults after the 
sets are built, or in making modifications which, however 
necessary they may be, inevitably upset the production 
line for a time. Time spent by factory personnel in this 
sort of work represents loss of production that can be 
avoided if there is a properly constituted laboratory, 
carrring out its functions satisfactorily. 


A factory which sets out to manufacture a local copy 
of a set originally designed elsewhere, needs a laboratory 
no less than does a factory producing entirely original 
designs. The main reason for this is that the locally built 
copy will hardly ever be a true copy, i.e, one in which 
all component parts are identical with those used in the 
original. The moment such changes are made, even in a 
small and relatively simple receiver, it ceases to be the 
product of the original designer, and in consequence is 
likely to develop characteristics not possessed by the 
original. Only the designer can tell whether small modi- 
fications are likely to make a significant difference to the 
performance of the product, and even he, in many cases, 
coud not give a satisfactory answer without recourse to 
experimental work. When a number of such changes are 
made simultaneously, there is every likelihood that addi- 
tional, unforeseen modifications will be needed before 
the design is once more suitable for production, 


A further important function of the laboratory is in 
connection with actual production, even when a small 
pilot run has been successfully undertaken before em- 
barking on the main run. As a result of the ultimate 
complexity of even the smallest radio set, it is inevitable 
that a certain number in each run should be unsatis- 
factory, through faults that cannot be blamed on the 
design. Some of these can be put right by those respon- 
sible for initial testing and alignment, but many cannot, 
since testers cannot afford the time to track down rela- 
tively obscure faults. 


It should be a duty of the laboratory, not only to 
investigate and cure faults not able to be handled by the 
testers, but also to analyse records of all faults in 
newly produced sets, including those found by the testers 
and rectified by them. In this way, recurring faults due, 
for example, to a poor batch of components, can be 
“spotted” at the earliest possible moment. This is im- 
portant in view of the high cost of setting right sets 
which are unserviceable when they come off the produc- 
tion line. In addition, the doing of this work by the 
laboratory provides the designer with very useful data, 
which he can employ while other sets are in the design 
stages, in order to prevent recurrent troubles that experi- 


ence has shown can appear in spite of good work by 
both the laboratory and the factory. 


The third function of the laboratory is to initiate and 
pursue technical ideas not yet incorporated in any of the 
firm’s products, but which, when properly developed, will 
enable models to be produced, having néw features which 
will not only improve the product, but which will also 
act as “pegs” on which to hang soundly-based advertising 
copy. With respect to smaller and less expensive sets, 
such new ideas are difficult to find owing to the nearly 
standardized state of their development, but the same 
does not hold for the higher-priced models, and in 
particular for radio-gramophones. In spite of their more 
limited sale, it is the higher-priced models which should 
set the standard by which the firm’s products are judged. 
This is especially true at the present time, when there 
are indications that the public is becoming more and 
more conscious of the quality of reproduction (or lack 
of it) provided by a set. Few, if any, standard commer- 
cial radio-gramophones on the market today can 
approach the quality of reproduction of even a medium- 
priced custom-built installation. As a result, much money 
is being spent on such systems which could reasonably 
be expected to buy commercial radio-gramophones, did 
the latter possess better performance. While no labora- 
tory can design an outfit which will equal in perform- 
ance a highly-priced custom installation, at a consumer 
price that is much smaller, there are certain features 
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which could well be incorporated in a firm’s radio-grams, 
and which would result in greatly improved perform- 
ance. 


This matter has been treated in some detail, simply as 
an example of how a laboratory can play an exceedingly 
important part in maintaining and building up the pres- 
tige of the firm’s products, and it is only by competent 
design work, related not only to performance of the 
product, but to the economics of its production, that a 
firm’s sets can better those of its competitors. 


OTHER FUNCTIONS OF A LABORATORY 


All the above refers solely to the production of domes- 
tic radio sets. Many firms have made use of. their 
laboratories, originally set up for the purposes outlined 
above, to expand the types of business handled by the 
factory, and to enable the firm to market highly technical 
products not made in its own factory. For example, not 
only can the laboratory pursue the technical development 
of new products upon which the management proposes 
to embark, but it can also act as an advisory centre 
for the firm’s handling of special products such as tape 
recording machines, which require expert servicing. The 
laboratory can also play a useful part by making tech- 
nical reports to the management on any new articles or 
devices which are being considered as lines to be handled. 

The electronic field is a very rapidly expanding one, 
and the laboratory can be the means by which a firm 
begins to do business in special equipment, of the sort 
which has to be designed and built to given specifications. 
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TELEVISION > 


All the remarks which have been applied to the pro- 
duction of radio sets apply with vastly increased force 
if and when the firm becomes involved in producing tele- 
vision receivers. It is not too much to state that such 
production would be impossible without the backing of at 
least one highly qualified engineer, supported by suitable 
assistants. There should be no need to labour the point 
after it is pointed out that the smallest number of valves 
normally found in a television receiver is about 15, not 
counting the picture tube, and that many of these valves 
perform functions that are considerably more complex 
than those of any valve in an ordinary radio set. 


CONCLUSION 

The above dissertation is not a plea for the employ- 
ment of technical men. [t is an appreciation of certain 
facts relating to the primary purpose of a commercial 
undertaking, which is to turn out an article of good 
quality, and in so doing, to make profits. If a firm 
considers that its operations are not large enough to 
maintain a well-qualified engineer and a small staff of 
one or two assistants, it should carefully weigh the cost 
of so doing against the time and money that can be 
saved by eliminating unproductive work in the factory 
itself. Such time is doubly saved, by virtue of the fact 
that it can then be applied to greater production. It does 
not take many radio sets, and fewer still television re- 
ceivers, to make up the expenditure on a small laboratory, 
especially after the capital expenditure involved in 
equipping it has been made. 
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A easual observation shows that the glass base, 
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inward or outward movement of the pins. 

This process is made possible by the fact that 
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Molten’ glass is forced around these pins, and 
the heat of the operation causes the absorbed 
gases in the wire to come to the surface and 
be trapped between it and the glass as shown. 
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Recent Developments in Transistors 


By the Engineering Department, Aerovox Corporation 


The March, 1950, issue of Radio and Electronics con- 
tained a discussion of the operating principles of the semi- 
conductor triode, or transistor, which had recently been 
announced and was then making its debut in the field 
of electronics. At that time, the future of the device 
was obviously bright, although little was known of its 
ultimate potentialities nor the seriousness of some of its 
shortcomings. Now, after only a few short years of in- 
tense development, the transistor has emerged from the 
category of a “crystal ball” innovation to assume the 
important role predicted for it by the great research 
organizations which fathered it. 
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ity. At least the first two of these shortcomings are due to 
the fact that the points of contact with the germanium 
must be very accurately spaced and are extremely small 
areas. For this reason, even a few milliamperes flowing 
through these contacts represent current densities of 
many amperes per square centimetre. The excessive noise, 
which in instances exceeded 70 decibels above that pre- 
dicted by theory, and the temperature dependance, may 
be inherent properties of semi-conductors, although sub- 
sequent types have been vastly improved in these re- 
spects. 
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(b) Bead Transistor 


(a) Type A Transistor 


Standardized types of transistors have come into beitig, 
and many commercial and military equipments have been 
completely “transistorized,’ a new term meaning the 
replacement of all vacuum tubes by semi-conductor 
diodes or triodes. Although many technical problems 
still remain to be solved, and the semi-conductor triode 
is still in its infancy, the only factor which prevents its 
wholesale appearance in hearing aids, midget radios, 
intercommunications equipment, telephone amplifiers, 
and many other applications at this time is the problem 
of availability. When transistor production reaches the 
point where the supply is sufficient to meet the demand, 
the man in the field may awaken one day to find himself 
confronted with the unfamiliar circuitry of the transistor. 
This article is intended to help readers meet this 
eventuality by presenting a condensed review of the 
present transistor art. 


NEW TRANSISTOR TYPES 

The transistor introduced originally was known as the 
point contact type, later designated Type A. The con- 
figuration of this type is the familiar double “cat- 
whisker” arrangement shown in Fig. 1a.. Two fine wire 
probes are arranged in contact’ with-the surface of a 
pellet of germanium semi-conducting material at points 
only a few thousandths of an inch apart. One of the con- 
‘tacts is designated the “emitter”, while the other is 
ealled the “colleetor.’ The semi-conductor block and the 
metal which provides the electrical connection to it are 
called the “base.” 
. The operation of the Type A transistor was dis- 
cussed at length in the above-mentioned number of Radio 
cand Electronics. The defects which characterize it are dif- 
ficulty of construction,. low power handling capabilities, 
poor noise characteristics, and undue temperature sensitiv- 


FIG 1 


(c) Coaxial Transistor 


A varient of the standard Type A transistor is the 
“bead type” transistor illustrated in Fig. ls, This form 
is a miniaturized version of the Type A which has been 
reduced to its very small size by eliminating the capsule 
and other non-essential parts. The two phosphor bronze 
contact wires and the small germanium block, along with 
a base contact tab, are “potted” in a small bead of insu- 
lating material which maintains the proper contact 
spacings. Bead types have been standardized which 
compare favourably with the larger sizes in performance. 
They are useful in applications where extreme minia- 
turization is necessary. 

A third form of the point-contact transistor is the 
coaxial configuration illustrated in Fig. 1c. Here the 
two “catswhiskers” make contact with opposite sides 
of the semi-conducting germanium material where it 1s 
very thin—about .003 to .005 inch. This thin section is 
produced by grinding the opposite sides of the pellet to the 
concave shape indicated in the figure. In this manner, 
the problem of maintaining’ the close spacing of the 
wires is somewhat alleviated ‘and the tendency of the 
point: contacts to slip sideways, as in the Type: A. con- 
struction, is minimized- because the wires are coaxial and 
perpendicular to the surface of the semi-conductor. 
Another advantage of the coaxial construction shown in 
the figure is the fact that the emitter and collector are 
electrostatically shielded from each other by the semi- 
conductor and the metal shell. 


Although comparable in performance, the coaxial 
transistor does not seem to have found such widespread 
usage as the type A transistor as yet. 
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THE PHOTOTRANSISTOR 


An extremely useful by-product of the coaxial em- 
bodiment of the point contact transistor is the photo- 
transistor illustrated in Fig. 2. This device makes use 
of the fact that the conductivity of germanium is altered 
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THE PHOTOTRANSISTOR 
FIG.2 


by incident light energy, ie, germanium is photocon- 
ductive. This property makes possible a very small 
photocell built like the coaxial transistor, except that the 
function of the emitter electrode is performed by a 
beam of light which strikes the semi-conductor surface 
opposite to the one which the collector contacts. The 
germanium must be ground very thin at this point, as in 
the coaxial transistor. Otherwise, the “holes” liberated 
by the impinging light energy would recombine with 
stray electrons before being collected by the collector. 
This electrode is biased negatively, as indicated by the 
simple phototransistor circuit of Fig. 3, so that it will 
attract the positive “hole” carriers. 


+ 


SIMPLE 
PHOTOTRANSISTOR CIRCUIT 


FIG.3 


The response curve of the photo-transistor peaks in 
the infra-red wavelength region (around 1 micron) but 
also shows satisfactory response in the visible light por- 
tion of the spectrum. A unique characteristic of the 
phototransistor is the small area of its light sensitive 
surface. Only light falling on that portion of the 
dimpled germanium pellet immediately under the collector 
contact will result in an increment in output current. 
This spot is only .010 inch in diameter, Such localiza- 
tion of the photosensitive region should prove useful in 
many applications. The response characteristics of a typi- 
cal phototransistor operating into several different 
values of load resistance are shown in Fig. 4. 
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FIG.4 
THE JUNCTION TRANSISTOR 


The most significant recent advance in the field of 
semi-conductor devices was the introduction of the 
junction-type transistor. This new form of semi-con- 
ductor triode immediately overcame several of the seri- 
ous limitations of the point contact type and put the 
transistor within “striking distance” of many vacuum 
tube applications which the point contact varieties had 
fallen short of fulfilling. 
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A JUNCTION TRANSISTOR 
FiG.5 


The physical appearance of the junction transistor is 
shown in Fig. 5. It differs from the point contact type 
in that the rectifying barrier layers are formed by 
boundaries or junctions between different types of ger- 
manium semi-conducting material. The junction trans- 
istor is a “sandwich” of a thin layer of p-type ger- 
manium between two layers of n-type, or vice-versa. 
The three layers must be in very intimate contact; the 
best results being obtained when all three are formed 
in a single crystal of germanium. Most of the difficulty 
of fabricating junction type transistors arises in con- 
trolling the thickness of these layers, especially the 
centre (p-type) one which may be only .001 inch thick, 
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and in attaching wire leads to them. The transistor is 
called an “n-p-n” junction type if the layers occur in 
that order, or a “p-n-p” type if the reverse is true. 
In the n-p-n kind, which we will discuss here, the 
thin layer of p-type material is considered the “base,” 
while the n-type germanium on either side are designated 
the “emitter” and the “collector.” 


S 


Y 


ILLUSTRATING ACTION OF JUNCTION TRANSISTOR 
FIG.6 


It will be recalled that the difference between n-type 
and p-type semi-conducting materials results from the 
nature of the impurities present in the otherwise pure 
semi-conductor crystal structure. For example, in the 
case of germanium, if only impurities having five valence 
electrons are present to form electron-pair bonds with 
the four valence electrons of the germanium atoms, the 
result will be n-type germaniums since the “left-over” 
electrons are free negative carriers. Such pentavalent 
impurities are antimony, arsenic, and phosphorus, On 
the other hand, if the impurities present are elements 
which have only three valence electrons, such as 
gallium, boron, and aluminium, the resulting semi-con- 
ducting is termed p-type. This is because the three 
valence electrons leave defects, or “holes” in the elec- 
tron-pair bonds with the tetravalent germanium atoms. 
These “holes” behave like positive charges migrating 
through the germanium crystal and are attracted to a 
negative electrode. 


It is more difficult to understand the functioning of a 
junction transistor than the point contact type, since the 
basic mechanism involved is somewhat more compli- 
cated. Some idea of its action can be gained by a care- 
ful study of Fig. 6, which shows not only the external 
circuits involved, but also the highly simplified internal 
structure of a hypothetical n-p-n junction transistor in 
which the p-layer is only one germanium atom thick. 
In this example, one impurity atom of the proper valence 
is indicated in each of the three layers. In actual prac- 
tice the ratio may be of the order of one impurity atom 
for each ten million germanium atoms for proper tran- 
sistor action. Note that the polarities of the applied 
potentials are opposite to those used with the n-type 
point contact transistor and are more similar to the 
connections made in conventional vacuum circuits. 


With the circuit connections shown, current flow in 
the collector circuit depends upon the availability of free 
electrons from the base, but since this material is p-type, 
it has no n-carriers to offer. In other words, the col- 
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lector is biased in the reverse direction and the base- 
collector impedance is very high; it is sometimes as 
much as 10 megohms. The emitter circuit, on the othe: 
hand, is biased in the forzward direction so that the base 
must be made only a fraction of a volt positive in order 
to cause the free electron (in our vastly simplified 
example) to flow from the n-type emitter material into 
the base region. How this electron (or one just, like it) 
can diffuse into the collector region may be visualized 
by assuming that when it flows across the n-p barrier, 
it fills the “hole”? in the boron impurity atom. This 
“hole’ was on the n-p side of the boron atom near the 
barrier since it was attracted by the negative potential 
of the emitter and repelled by the collector’s positive 
charge. When the emitter electron fills the defects or 
“hole,” it weakens the hold which the nucleus of the 
boron atom has on one of the valence electrons on the 
collector side of the atom since the positive charge of the 
nucleus is only 3 and it cannot retain more than three 
electrons effectively. This electron is thus pulled out by 
the collector potential and flows into the collector which 
then migrates back to the emitter side of the base and is 
thus again in position to “ferry” another electron. 
Thus, for each electron which flows from the emitter 
to the base, one is freed to flow from the base to the 
collector. For this reason, the current gain factor, 
alpha, never exceeds unity in a junction transistor. Very 
high power gains are possible, however, because of the 
very high ratios of output circuit to input circuit im- 


pedance. 
TRANSISTOR 
CIRCUIT 


NEAREST V.T. 
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(a) GROUNDED 
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The outstanding characteristics of the junction trans- 
istors are low noise figure, higher efficiency, higher 
gain, and improved power handling capabilities. Its 
most unique feature is its ability to operate with good 
efficiency at extremely low power levels—in some cases 
as low as a few tenths of a microwatt. The frequency 
limitations of the junction transistor may be more severe 
hecause of the increased capacitance of the bulk-type 
junctions. 


TRANSISTOR CIRCUITRY 


The three possible ways a transistor can be connected 
to function as an amplifier are compared with their 
nearest vacuum tube analogs in Fig. 7. The transistor 
symbol used here has been adopted to represent trans- 
istors of both the point contact and junction varieties. 
The emitter is distinguished by an arrow head and the 
base is represented by a straight line. 

Each of the three basic transistor circuits, like its 
vacuum tube counterpart, has certain characteristics not 
exhibited by the other two. These may be summarized 
briefly as follows :— 


(a) The Grounded Base Circuit compares most fav- 
ourably with the grounded grid triode tube circuit since 
the input impedance is low, the output impedance is 
high, and there is no phase reversal through the ampli- 
fier. Typical input-output impedance ratios in this cir- 
cuit would be 400 : 20,000 ohms for the point contact 
transistor and about 100: 10,000,000 ohms for the 
junction type. Power gains are moderate; about 16- 
18 db. for the Type A and 50 db. for the junction 
variety. The operating stability of the grounded base 
circuit is limited by the base resistance, indicated 
schematically in Fig. 7a by dotted lines. Current flowing 
through the resistance of the germanium base material 
produces a regenerative feed-back voltage which can 
cause oscillation at high gain. 


(b) The Grounded Emitter Circuit is closely analog- 
ous to the triode grounded cathode circuit. The imped- 
ance is higher than in the grounded base circuit, and the 
output impedance is lower. Typical values of input im- 
pedance are 1000 ohms for the junction unit and about 
2000 ohms for point contacts. The output impedances are 
about 1 megohm and 10,000 ohms respectively. <A 
phase reversal does take place between input and out- 
put, as in the corresponding triode circuit. Higher power 
gains are obtained in the grounded emitter circuit, being 
about 23 db. for the point contact transistor connected 
in this manner and in excess of 50 db. for the junction 
type. Circuit stability is somewhat worse than in the 
grounded base circuit since the common feed-back 
element is now the emitter resistance instead of the base 
resistance. In point contact circuits, the current gain 
(alpha) must sometimes be reduced to near unity to 
prevent oscillation. This is not necessary in the junction 
type unit, since the current gain is inherently less than 
unity. Noise and power handling characteristics are 
similar to those of the grounded base circuit. 


(c) The Grounded Collector Circuit has properties 
sumlar to the grounded plate “cathode follower” triode 
circuit. No phase reversal takes place and the output 
impedance is considerably lower than the input imped- 
ance. Input and output impedances are interdependent. 
Input impedance for the point contact case may be on 
the order of 40,000 ohms with a corresponding output 
value of 5,000-10,000 ohms. The step-down ratio for 
the junction transistor may be even greater—4,500 ohms 
to as low as 25-30 being possible. As in the cathode 
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Radio Servicemen 


Radio Dealers 


Q What is the part you need most often in Radio 
© servicing? 


A. The answer is — VALVES 


Just think about the number of valves you buy in a year for 
radio servicing. You will agree that the purchase of radio 
valves is one of your biggest items of expense. Do you get the 
best valves? Do you get the best prices? You do if you order 
from Russell Import Co., Ltd. We carry one of the biggest 
selections of radio valves in New Zealand and offer them to 
you at the keenest prices. We also give the additional service 
of issuing frequent, up-to-date price lists so that you can 
always have information on hand concerning stocks avail- 


able and current prices. 


Buy Your Radio Valves from 


Russell Import Co. Lid. 


P.O. BOX 102, WELLINGTON 
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SHOES and SHIPS 
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“The time has come,’ the Walrus said 
“To talk of many things. ...” 


By Special Arrangement with the Walrus 


Residual Volume Break-through 


Most people who dabble in radio, both professional 
and amateur, and even those who try to make a living 
out of it, will at some time or other have come across 
the set which has quite a noticeable amount of output 
with the volume control shut right off. Recently one such 
set came to our notice suffering from just this trouble 
although the harassed owner of the radio didn’t quite 
explain the trouble that way. His story was that with 
the aerial connected the set distorted badly on local sta- 
tions although it was fair enough on more distant 
stations. The most immediate and obvious thought was 
that A.V.C. trouble was the cause; not without some 
qualms too, for A.V.C. troubles can very often be 
heart-breakers. 


However, a few quick measurements on the service 
bench with a signal generator and a sensitive meter on 
the A.V.C. line soon showed that there was no trouble 
in this direction. Developed A.V.C. voltage was adequate 
at very strong carrier levels and followed a normal 
variation with lesser amounts of R.F. input. 

At this stage it was. decided to just have a quiet 
listen to the reproduction from the local stations and not 
jump to any conclusions unnecessarily. Strangely enough 
though distortion didn’t seem evident—or was it! You 
get into that frame of mind where you can convince 
yourself that a set either has got distortion or it hasn’t 
just by willing it so. However, our client had complained 
so nothing must be left to chance. This particular radio 
had a four-position switched tone control of quite elabor- 
ate proportions and this assembly came under a cloud 
for no real reason at all. Checking the assembly through 
brought to light a misplaced condenser which, when 
corrected, altered the tonal balance a little but otherwise 
did not materially affect the reproduction. 

The next step was to modulate the signal generator 
from the audio oscillator and examine the waveform of 


the receiver output on the oscilloscope. Widely differing 
frequencies in the audio range seemed to have no effect 
on the set beyond what might be expected due to normal 
superhet selectivity in the I.F., and quite large R.F. 
inputs caused no undue distress. Now it must be remem- 
bered that a radio operated in the average quiet suburban 
home runs at a very different sound level from that 


which is normally the case in a noisy city workshop and 
this was the crux of the trouble. When the volume con- 
trol was turned off quite an appreciable amount of 
sound was still being pumped through, particularly with 
an aerial connected, and this sound was most definitely 
distorted. 


Here was something tangible at last, and remember- 
ing an article read in the dim distant past on this 
subject the second detector was rearranged slightly. 
Where a duo-diode-triode is used as second detector, 
A.V.C., and first audio amplifier, this trouble is often 
present due to stray coupling between the diodes and first 
audio section of the valve, also to a large extent by the 
capacity of the valve socket itself between adjacent pins. 


In the set in question, the second detector arrange- 
ment was as shown in Fig, 1. The rearrangement is 
shown in Fig. 2 with the set converted to simple A.V.C. 
and the odd diode earthed, this particular diode being 
the one between the signal diode and the triode grid, 
thus further minimizing coupling. This system worked 
like a charm and the volume control could now be shut 
right down without any unpleasant by-products. 


The set was buttoned up and delivered back to the 
customer where a few tacit inquiries from the lady of 
the house enlightened us to the effect that the set was 
never turned up loud—always low! Obviously, for some 
months they had been listening to radio break-through. 
For the person building a new set who wishes to avoid 
this complaint, a more complete cure is to use a diode 
pentode with the pentode section as the I.F. amplifier and 
then to use a separate first audio tube. This is pretty 
foolproof and should give excellent results, 


FOR. 


“ELECTRONIC & 


INDU STRIAL 
APPLICATIONS 


Designed and built for dependable 
operation, Ducon Capacitors will 
stand up to most severe applica- 
tions. 


Ducon’s 20 years of experience in 
this field can provide the answer to 
your Capacitor problems. 


x For all Capacitors for Electronic 
and Industrial application, specify 


DUCON 


Works: 25-35 Haining Street. Tel 54 644 


DUCON (N.Z.) LTD., WELLINGTON Office: 21 Grey Street. Tel 42-411 


P.O. Box 630 


“PANAMA” Electric Jugs 


“Panama” products. 
Elegance of design and skilled craftsmanship have been com- 
bined to create this new release in the long line of quality 


% Constructed of heavy gauge chromium plated copper. 


Fitted with plastic base and handle to provide maximum 


insulation against heat. 


splashing whilst boiling. 


Element guaranteed for two years. 


* 
tc Specially designed lid which eliminates bubbling and 
* 


Distributed by: 


CORY-WRIGHT & SALMON LTD. 


AUCKLAND WELLINGTON DUNEDIN 


24 _.... _RADLO. AND..ELECTRONICS 


The DHILIDS Experimenter 


June, 1953 


An advertisement of Philips Electrical Industries of N.Z., Ltd. 


No. 68: A Complete Station for Mobile Use—Part Vi 


Reprints of these EXPERIMENTER articles, complete with illustrations, will be mailed to any address fér one 
year for a subscription of 5s. Application should be made to Technical Publications Department, Philips Electrical 
Industries of New Zealand Ltd., P.O. Box 2097, Wellington. i 


THE B.F.O. AND MODULATION CIRCUITS 


So far we have described the alignment of the 
receiver in some detail, and, to complete the descrip- 
tion of the receiver, it only remains to say some- 
thing about the B.F.O. circuit. 


First of all, we should point out an error in the 
circuit diagram of the receiver, which was given in 
Part III of this series. Ss, it will be reniembered, is 
the Phone/C.W. switch, and°Sa, is the section which 
changes the bias circuit for the controlled stages from 
A.V.C. on ’phone, to the manual control for C.W. 
The wiring on the diagram is quite correct, except that 
Ssv is shown in the C.W.. position, while the remaining 
sections of Ss are shown in the ’phone position. Also, the 
original diagram showed five sections in Ss. There was 
no error entailed -in this, but some builders may have 
difficulty in obtaining a five-position switch. The diagram 
on this page shows how the switching may be modified 
so as to use only four sections for Ss. In the original 
diagram, Ssa short-circuits the modulation choke on the 
C.W. position, allowing the full H.T. voltage to be 
applied to the final amplifier, while Sz. removes the 
_screen.voltage from the EL41 modulater on the C.W. 
position. The’ change consists simply -in omitting Ssa, 
and. taking a lead from the- far’ end of. Ras.to the 
htiherto unused contact of Sse. This enables Sze to do 
both jobs simultaneously, so that the switch now needs 
only four change-over sections. 


The B.F.O. circuit, as drawn,.is also not quite correct, ’ 


as its grid condenser. was inadvertently omitted. This 


should be placed between the tuned circuit and the grid in‘ 


the ordinary way. It. has a value of 50 uuf. The main 
tuning condenser, Cs, is fixed in value, and since the 
printing of the circuit. diagram, has been modified. 
Originally, it was specified ‘as a 100 uf. condenser. 
With that arrangement, the circuit will oscillate, obtain- 
ing its feedback from the inter-electrode capacities of 
the valve. It is preferable, however, to turn the circuit 
into a true Colpitts, by making Cs. two 250° upf. con- 
densers. in series, with the junction earthed. If it is 
desired to use a panel control condenser which has one 
side earthed in order to facilitate mounting, Cs; can be 
connected from. grid to earth; or from the tuned circuit 
to earth, which ever is preferred. In either case, the 
range of frequency adjustment will be about right. The 
coil used by us for the B.F.O; was one from an old 
permeability-tuned 455 kc/sec. IF. transformer. It was 
removed from the can, together with its tuning slug, 
and the latter was used for the initial frequency ad- 


justment. The slug is adjusted with. Css at its» central 


position, until the oscillator frequency is exactly 455: 


ke/sec. After that, it will be found that there is enough 
range of adjustment on the variable to give all the pitch 
control that is required, 


The coupling condenser, Cz, is one that. probably 
cannot be specified accurately in advance,. because .the 
exact layout of the parts of the B.F.O. and the LF. 
amplifier will determine just how much stray coupling 
exists between the oscillator and the second detector: In 
our case it was found that 25 wut. gave just the right 
amount of injection, and that the amount of stray coup- 
ling was very small, The value of Cs is wortlr experi- 
menting with in order to get it just right, but values 
between 15 and 50 pwuf. should give the necessary range 
of adjustment. 


AUDIO AND MODULATION CIRCUITS 


_No difficulty at all was experienced with the audio and 
modulation circuits, which behaved perfectly from the 
first. The gain is just right for a diaphragm’ type:crystal 
microphone, and no instabiltiy was found, as might have 
been’ predicted on account of the compact nature of the 


“circuit, and the unavoidably long leads to and from 


the switches: 


' The dropping resistor, Rai, was fixed at 600 ohms, and 
at that figure, enabled 90 per cent. modulation to be 
obtained with very little distortion. The modulation choke 
finally used was one from the ZC1 spares list. It is NOT 
the modulation choke in the ZC1 that is used, but the 
smoothing choke, and it ‘can be identified by the words 
“Part No, T119” written on the back. Together with the 
2 wf. condenser, Cys, which bypasses the dropping resistor, 
this gives a reduced low frequency response that -is 
excellent for speech without making it sound thin, It*is 
remarkable how quickly the filament of the final heats up 
when the transmit/receive switch is thrown to “Trans- 
mit.” It is only necessary to count “One, two” befére 
speaking into the microphone, to ensure that the begin- 
ning of the first word is not clipped off: Since the station 
has been completed, tests have shown that, as originally 
expected, the ease of operation is all that could be 


desired. Once the transmitter is tuned “to. frequency, and 


the aerial loaded up, operating consists of nothing more 


on ae 
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than throwing the transmit/receive switch at the appro- 
priate moments, and saying one’s piece, or, if you prefer 
it, pounding it out on the key! However, before we leave 
the station altogether, readers would probably appreciate 
some discussion of the power-supplies that could: be used, 
and of possible aerials to use it with. 


POWER SUPPLY 


For a start, let us give everyone a- pleasant surprise 
by detailing the H.T. and L.T. current and voltage 
requirements. 


For the heaters, which are left running continuously 
while the station is operating (except, of course, for the 
quick-heating filament of the QQE04/15) we need 2.025 
amps at 6 volts, while the QQC04/15 takes 0.68 amps, 
but only while it is working. 

For the H.T., which is 250 volts for both transmitter 
and receiver, the currents ‘required are as follows :— 


IRGCCIVEl aie - Sap aeedme an Wenoo thal 
diransmit: ¢(C:W .jieeta ns wean 85 ma. 
Transmit (phone) Phys tg as 105 ma. 


A power supply rated at 100 ma., 250 volts would be 
ample. For emergency use in.the shack, such a supply 
would present no problems, and it would be a very good 
plan to build such a power pack, so that the mobile 
station can be used should anything happen to either the 
main transmitter or receiver. For use: in real. emer- 
gencies, however, it will be necessary to have a power 
pack which does not depend on the A.C. mains, and for 
this there are two alternatives. An excellent solution, if a 
suitable one can be found, is a motor-generator rated 
to give the required current and voltage. Such genera- 
tors are not uncommon, .the main difficulty about them 
being that they are often arranged for a 24 or 28 volt 
D.C. input. Either 6 or 12-volt input would be much 
better, with the 6-volt version to be preferred, though 
this will certainly be the most difficult type to come by. 
For a 12-volt generator, it would be possible to run the 
filaments off half the L.T. battery, but it would be pre- 
ferable to re-arrange ‘the heater wiring into two 6-volt 
groups of nearly equal. current «drain, connecting, each 
across half the 12-volt battery. 


Failing a suitable motor-generator,: it. would be per- . 


fectly feasible to use a vibrator supply, operated by a 
6-volt accumulator. Suitable transformers. and- vibrators 
can be purchased,. and the power supply built up, or 
one can have tlént made’ up- by firms who Specialize in 
such things. Either way, the requirements-are not difficult 
to satisfy, since an ordinary receiving vibrator is quite 
capable of delivering the 100° ma. needed. ° 


AERIALS’ FOR THE:MOBILE STATION 


For a mobile or*transportable station such as this 
one, flexibility in the possible aerial arrangements is 
essential. It was for this reason that the pi-section output 
coupler was decided upon for the transmitter. While it is 
true that it is not possible to feed a balanced aerial, 
which requires some sort of two-wire feeder, using this 


arrangement, this was not felt to be such a disadvantage. © 


In general, the station will have to put up with the most 
primitive of aerial systems, ustrally consisting: of a single 
wire of any convenient length For feeding an ‘aerial of 
this sort, the pi-coupler is the most efficient means yet 
devised. Its main advantage is that it*-will feed .power 
into almost any length of wire, and will allow the final 
amplifier to be loaded properly: It will NOT make an 
efficient radiator out of an inefficient one, but -it will 
allow it to load the transmitter. The reason for this is 
that--aswire. of. any.-length;.arranged.in any possible way. 
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with respect to the ground, is liable to have any sort 
of input impedance, from several thousand ohms to only 


_a few ohms. It is also liable to possess any amount of 


reactance, of either sign, and the great virtue of the pi- 
section coupler is that it will do two jobs at the same 
time. It will tune out the reactance of the aerial, and it 
will supply power to the resistive portion of its input 
impedance. Looking back at the parts of this series in 
which the transmitter circuits were featured, it will be 
found that the condenser nearest the plate of the final 
is 150 wuf., while the one at the aerial end of the tun- 
ing inductor is 500 wuf. Now when we tune the final, 
we have to do two things. First of all, to tune the circuit 
to resonance at the operating frequency, and secondly, to 
match the load to the tube. The burning question of 
course is, how can we be sure of doing this? The out- ~ 
put circuit can be tuned to resonance even with no load 
at all connected to the output terminal, and it is obvious 
that in this condition there is no matching taking place. 


Well, the job is made particularly easy by virtue of 
the fact that when a match is obtained between the load 
and the final amplifier, the R.F. current in the load will 
be a maximum. Thus, as long as we have some sort of 
an indicator which will tell us whether our adjustments 
are giving us more or less aerial current, it will be pos- 
sible to adjust the output circuit for correct tuning and 
matching. This is one case where a plate milliammeter, 
as an indicator of correct loading is not very helpful, 
which is why we have not provided a jack for measuring 
the plate current of the final. 


The best form of aerial current indicator is a thermo- 
couple ammeter or milliammeter. At one time, these used 
to be very expensive items, and were consequently not 
often to be found round the “ham” shack, but since some 
excellent Weston 0-100 ma. thermo-meters have been 
available on the surplus market for a considerable period 
at a fraction of their normal cost, there is little excuse 
for this now. One difficulty is that until we actually try, 
we have no means of telling what sort of aerial current 
to expect. This.is only because with our random piece 
of wire for an aerial, we do not know what its imped- 
ancé will be at the end where we propose to feed it, and 
therefore cannot even guess at the R.F. current there 
will be. For example, if the aerial should be a quarter 
wavelength long, or shorter, it is likely to have quite a 
low impedance, whereas if it is nearer half a wavelength 
long, the impedance will be high. In the first case, the 
aerial current for a given amount of power will be high, 
while in the second, it will be low. It is for just this 
reason that the aerial current is no indication at all of 
the absolute amount of power that is being fed to the 
aerial, However, with a given aerial, the amount of cur- 
rent at the feed end does indicate relative power output, 
since while adjustment is going on, the aerial itself 
remains unchanged. Consequently, whatever its impedance 
may be, more current means more power dissipated in it, 
and vice versa. 


Practically, the effect mentioned above means that we 
do not know whether we will need a milliammeter or an 
ammeter to measure the relative aerial current. The diffi- 
culty can be overcome however, by using a 0-100 ma. 
R.F. meter, and shunting it by means of a piece of wire 
should it show signs of going off scale. The power it 
draws when connected in this way is entirely negligible, 
and it can be left permanently in circuit if desired. Sup- 
pose, for example that the aerial has an impedance of 
1000 ohms. If we are to dissipate 10 watts in it, this 
will mean an aerial current at the feed point of exactly 
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AERTALS AND TRANSMISSION LINES 
TV antennas rust enough in one year to cut the signal down 
considerably. The article describes the maintenance to keep 
_ outdoor aerials in good condition. 
—Radio and Television News (U.S.A.), March, 1953. p. 39. 


A quarter-wave section of transmission line has impedance 
transforming properties which are very convenient and simple to 
apply. A method is given of finding the required impedance of 
a quarter-wave transformer of ‘“Q” section for matching 
between two given impedances. 

OS. TU. Sek..), march 19353, p32. 


AUDIO EQUIPMENT AND DESIGN 

Articles mentioned in the last edition of this publication dealt 
with binaural sound reproduction. This paper deals with details 
of the apparatus. The development of tape recording provides 
an almost ideal medium for multiple channel recording. It is 
necessary for the recording head to be duplicated. Details of 
the instruments, amplifiers, etc., are given. 

—Radio and Television News (U.S.A.), March, 1953, p. 71. 


CIRCUITS AND CIRCUIT ELEMENTS 


Pulse-operated time-bases. It is often necessary to examine 
the fine details of complicated repetitive electrical signals with 
the aid of a C.R.T. This is difficult if only a normal time-base 
is available, and for radar circuits a pulsed time-base is often 
more suitable. The time-base cicruits are in a stable state for 
a period until the receipt of the pulse from the transmitter, 
when they go through the cycle of operation and settle to 
stability once more. 

—Electronic Engineering (Eng.), March, 1953, p. 94. 

Discrimination of narrow-band frequency modulation provides 
greater output when accomplished by a modified Foster-Seeley 
circuit than when a-standard discriminator is used. A_ brief 
description is given of the Foster-Seeley circuit, with details 
of the adaption for narrow band F.M. 

—Electronics (U.S.A.), February, 1953, p. 128. 


Mention is made of the terms—‘‘volume control,” ‘“‘attenua- 
tor,” and “potential divider.”” Sometimes one wants to control 
the power going into some kind of impedance, and what one 
needs is an ‘“‘attenuator,’’ but the thing may seem complicated. 
Firstly, the effects of mismatching are outlined with special 
reference to loudspeakers and transmission lines, and it is shown 
that the attenuator is necessary when reduction of power and 
matching are required. 

—Wireless World (Eng.), March, 1953, p. 131. 

Variable time-delay circuits are frequently needed for estab- 
lishing the coincidence of the sweep and a given signal in high- 
speed oscillographs. A distributed amplifier is used, but as 
only a limited number of tubes can be used, the signal pulse 
is permitted to travel through each delay element several times 
in order to increase the amount of total time delay. 
—Proceedings of the I.R.E. (U.S.A.), February, 1953, p. 228. 


ELECTRONIC DEVICES 


There are two stumbling blocks to radio-controlled models— 
the complications of the device, and the authority to disturb 
the ether. The model described is a small boat fitted with a one- 
tube super-regenerative receiver designed around a miniature 
gas triode. With the exception of the plate relay all parts are 
standard. Special attention is given to the rotary stepping 
switch. 

—Radio and Television News (U.S.A.), March, 1953, p. 35. 

Fun with a home-built electronic organ! Firstly, you build 
the electronic parts of your organ, and in order that it may 
have a keyboard, you take the piano to pieces. The heaviest part 
of the piano is the “tharp’’ comprising the frame and strings, 
but once that is gone, construction will be easier. The circuitry 
is given and also tuning charts. Only one contact is needed 
for each key. There is certainly much fun to be had here. 

—Ibid, p. 59. 

Knowledge of the condition of a baby before birth and during 
delivery is most important and is mainly assessed by listening 
to its heart beats. An apparatus was constructed to amplify 
these sounds, to record them and to demonstrate their visual 
characteristics on the screen of a C.R.T. A tachyometer indicat- 
ing beats per minute and a pen recorder were also incorporated. 

—Electronic Engineering (Eng.), March, 1953, p. 90. 


INSTRUMENTS AND TEST GEAR 

Describes an instrument in the form of an oscillator filter. 
One valve is a phase shifter in which an audio frequency 
within the range of about 100:1 is shifted 180 degrees; the 
valve is used as an output stage and separate amplifier, and, 
depending on the connections, the instrument will be an oscil- 
lator or rejector at the chosen frequency. The instrument will 
make an excelent whistle filter, or resonance in radio or 

gramophone service. 
—Wireless World (Eng.), March, 1953, p. 129, 
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Abstract Service 


For the serious ham and experimenter, an accurate method 
of frequency measurement is indispensable. The unit described 
provides a selective output consisting of marker frequencies 
every 1000 kec/sec., 100 kc/sec., and 10 kc/sec. The crystal 
chosen is a dual frequency type capable of oscillating at either 
100 ke/sec. or 1000 kc/sec., depending upon the inductance 
switched into the circuit. This oscillator circuit is designed to 
make the output as rich in harmonics as possible. Modulation 
of the output is provided. 

—Radio and Television News (U.S.A.), March, 1953, p. 56. 


MATERIALS, VALVES, TRANSISTORS, AND SUB- 
SIDIARY TECHNIQUES 


Transistor noise differs from other types such as thermal and 
shot noise, since the transistor noise power per unit bandwidth 
is approximately inversely proportional to frequency. Recom- 
mendations are made for obtaining the best signal-to-noise ratio 
in point contact and junction transistor amplifiers. Typical 
values and curves show how this type of noise figure varies 
with operating point of transistor and source impedance. 

Electronics (U.S.A)., February, 1953, p. 104. 


The travelling. wave tube is not only here to stay but is at 
present a. factor of consequence in microwave system design. 
Research has produced a very low noise, low voltage, input- 
stage amplifier at 3,000 mc/sec. The tube is specially adapted 
for microwave radio-relay work, and is capable of delivering 
several watts R.F. output power. 

—Ibid, p. 130. 


This article deals with very interesting facts about the surface 
properties of germanium in a gaseous ambient at atmospheric 
pressure. It has been found that the total dipole at the ger- 
manium surface can be changed by changing the ambient and 
further, that by proper control of the ambient the surface can 
be cycled back and forth between two extremes. Surface changes 
also take place according to the illumination of the surface. 
These facts appear very important and suggest great possibilities. 
—The Bell System Technical Journal (U.S.A.), Jan., 1953. p. 1. 

Further to news of transistors, the article refers to practical 
transistor applications. The concept of complementary symmetry 
promises to be the basis of an application for transistors. Using 
this technique, it is possible to split a signal into two out-of- 
phase signals for push-pull application without the use of 
transformers. Further applications are: a thirty-six transistor 
television set built as an experiment, and provides good pictures; 
automobile radios are being built, also portable radios and flea- 
power transmitters. 

—Electronics (U.S.A.), March, 1953, p. 112. 

Where information must be recorded at the rate of a micro- 
second per bit or faster, mechanical storage methods become 
impractical and are replaced by electronic devices. The storage 
tube described has a target with an insulating surface on 
which a charge may be deposited without affecting adjacent 
or nearby surfaces. The electron beam may be modulated for 
the storage information, with means for reading out the infor- 
mation contained. The applications include a study of fast 
transients, improved ppi radar display, frequency conversion 
computer storage and high-fidelity telephone circuits. 


—Electronics (U.S.A.), March, 1953, p. 126. 
MATHEMATICS 


Transistor equations summarize some of the important circuits 
useful to engineers. All equations are in terms of transistor 
parameters—grounded base, grounded emitter and grounded col- 


lector. 
—Ibid, p. 156. 
The operator “j.’’ Many a student has thought of this in 
awe, to be spoken of only with the lights turned low and the 
gramophone playing “The Sorcerer’s Apprentice.’’ However, by 
the guidance of the writer the mystery begins to vanish, and 
this and the term ‘‘complex number’? become less complex. 
This article is a “must” for the student. 
—Wireless World (Eng.), February, 1953, p. 79. 
The paper shows how the exact amplitude and _phase-shift 
characteristics of the Wien bridge may be presented graphi- 
cally and in a form directly useful for design purposes. Using 
these curves it will be shown how to determine the amplifier 
requirements if the all-over performance characteristics are 
specified. 
—Proceedings of the I.R.E. (U.S.A.), February, 1953, p. 246. 
. In radio communication problems involving transmission by 
means of sky waves reflected from the ionosphere it is often 
necessary to relate (1) great circle distances between trans- 
mitter and receiver; (2) virtual height of reflection; (3) equi- 
valent path distance between transmitter and receiver; (4) 
angle of departure; and (5) angle of incidence of ionosphere. 
The paper presents a simple graphical method whereby these 
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THE FREQUENCY 


The circuits so far described in this series contain 
the master oscillator, at twice line-frequency, a divider 
dividing this frequency by two to obtain the line 
frequency of 10,125 c/sec., and two pulse generators, 
for producing the two sorts of line-frequency pulses, 
one for line synchronization, and the other for line 
blanking. The next job, and a major one at that, is to 
build the chain of frequency dividers which, starting 
with the master oscillator frequency as its input, 
divides this by 405 in order to obtain the frame fre- 
quency of 50 c/sec. For this, four stages are used, 
dividing respectively by 3, 3, 5, and 9. On the block 
diagram, Fis. 6, andthe circuit diagram, Fig. 7, 
these dividers are shown as Vo to Vx, a total of 
twelve valves in all. 

While the complete circuit of the divider chain does 
look a bit fearsome, on account of its size, it is really 
quite a simple arrangement. Each divider uses exactly 
the same basic circuit as all the others, the only differ- 
ences being in a few of the resistor and condenser 
values. Even here, the different stages vary from each 
other only to the extent of changes in one condenser 
and two or three resistors. Thus, the size of the 
circuit is by no means a measure of its complication. 


THE BASIC FREQUENCY-DIVIDER CIRCUIT 

This comprises Ve, Vi, and Vy. Of these, Vu is a 
cathode-coupled flip-flop, exactly similar to those 
already used in the previous circuits. Vy is a pulse 
aniplifier, whose job is to provide suitably shaped 
triggering pulses, to ensure not only that the flip-flop 
triggers when it is required to, but also that it does not 
trigger back to the stable condition before we want it 
to. The double diode Vis this time has both halves 
used. One is for applying the triggering pulses, just 
as before, while the other is used to fix rigidly the 
potential of the grid of the normally-conducting tube 
of the flip-flop circuit. The purpose of this is to 
stabilize the duration of the unstable period as far as 
possible, and thus to help prevent the divider from 
dividing by any number other than the one required. 


Frame | Ore 
Blanking? 1 27 mec 
Pulse Gen, offer 


DIVIDER CHAIN 


It is most important, not only that the dividers shall 
divide by the right number, but also that they should 
continue to do so without adjustment, under varying 
conditions of line voltage, when tubes are replaced, 
and so on. Consequently, the addition of the stabiliz- 
ing diode, which is accomplished at the cost of only 
one additional resistor, is well worth while. 


THE TRIGGERING CIRCUIT 

So far in this circuit, the triggering of the dividers 
and pulse generators has been done by the simple 
expedient of passing a square, or nearly square, wave 
through a short CR or differentiating circuit, and 
applying the resulting pips to the circuit to be trig- 
gered. Sometimes, this procedure is quite satisfactory, 
and uses up no additional valves or other components 
at all. Unfortunately, however, it has certain draw- 
backs, especially in the case of a frequency divider 
dividing by more than two. If an isolating diode is 
used, through which to pass the triggering wave, 
which has the appearance of Fig. 4 (e), the undesired 
pips are, in theory at least, prevented from reaching 
the flip-flop circuit. As far as conduction through the 
diode is concerned, practice agrees with theory in the 
matter, but if we examine the waveform at the 
cathode of the triggering diode when a _ triggering 
waveform like that of Fig. 4 (c) is used, we find that 
although the positive pips have been almost entirely 
suppressed, there is still a trace of them. This trace 
may amount to no more than a volt or two, compared 
with the 50 or more of the wanted negative pips, but 
it is enough to cause trouble. What happens is that 
these unwanted pips, being in the opposite direction 
to those which initiate the flip-flop action, are able 
to trigger the circuit back to the stable state again. 
This is definitely undesirable, because the circuit’s 
action as a frequency divider depends on its returning 
to the stable state in its own good time, as deter- 
mined by the time-constant of the grid circuit of the 
right-hand triode, and NOT when triggered by some 
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external agency. When the flip-flop is in the unstable 
state, after having been triggered, the state of affairs 
is that the left-hand valve is temporarily conducting, 
while the right-hand one is temporarily cut off. Now 
a positive pip applied to the plate of the left-hand 
triode also appears at the grid of the right-hand one, 
having been passed on by the coupling condenser. 
Should the pip arrive at a time when the right-hand 
triode is just about to start conducting, it can easily 
be triggered back by the pip instead of completing 
the cycle on its own. If this happens, the pip obvi- 
ously determines the length of the conducting period 
of the left-hand half of the tube, and (which is the 
same thing) the length of the non-conducting period 
of the right-hand half. It is then impossible for this 
period to last longer than the time from the moment 
of triggering, to the moment when the unwanted pip 
triggers the circuit back. 


It is to avoid this sort of behaviour that we use, 
not just a simple differentiating circuit, but one in 
conjunction with a valve. What actually takes place is 
shown in the waveforms of Fig. 8. At (a) we have 
the output of the master oscillator. At (b) is the out- 
put of the differentiating circuit, which is applied to 
the grid of Vo. It will be noticed that the resistor of 
the differentiating circuit is used at the same time as 
the grid leak for Vs. This valve is biased by means 
of a voltage divider which holds the cathode at a 
fixed potential of approximately 25 volts positive with 
respect to earth, and therefore with respect to the 
grid. It is therefore cut off except when a positive 
pulse is amplified, and appears at the plate of Vs as a 
much larger negative-going pulse. The negative-going 
input pulses, which are not required, are not repro- 
duced in the plate circuit, because the valve is cut 
off when they arrive, so that all they do is to drive 
the grid further beyond cut-off. The waveform at the 
plate of V» is shown in Fig. 8 (c). This is transferred 
to the flip-flop through the diode Vioyay. The un- 
wanted pulses, which would be positive in the plate 
circuit of V» are completely suppressed, and can cause 
no trouble. 


The triggering circuit of Vu is slightly different 
from those used previously. The cathode of the diode 
Via, instead of being returned to the H.T. line 
directly, is connected to a voltage divider, at a point 
whose potential is approximately 100 volts lower than 
that of the H.T. line. Current flows through the diode 
from the plate load resistor, and thence to earth 
through the lower half of the voltage divider. On 
account of this current, the plate of the left-hand 
half of the double triode is held at approximately the 
potential of the tap on the voltage divider. Without 
the current through the diode, the potential of the 
plate of the triode would be that of the H.T. line, 
but as it is, the plate voltage is only about 150 volts, 
so that the valve is more easily cut off by the current 
flowing through the cathode resistor from the right- 
hand triode. 


At the same time, this method of connecting the 
normally cut-off triode stabilizes the amount by which 
the potential of the grid of the normally conducting 
triode drops when the circuit is triggered. This also 
helps to stabilize the duration of the unstable period, 
and prevent wrong division ratios from occurring. 

On triggering, the well-known switching action 
occurs, turning the left-hand half of Vi on and the 
right-hand half off. This produces a positive-going 
voltage jump at the plate of the latter valve. Then, 
after the recovery period, whose duration is mainly 
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determined by Ris and C.s, the reverse switching 
action takes place, and the circuit is ready to be 
triggered by the next pulse. In the meantime, how- 
ever, two pulses have been skipped over, so that after 
the one which initially triggered the circuit, the third 
triggers it again. This means that the circuit is divid- 
ing by three. 


The remaining nine valves do exactly the same job 
as the three we have just described. C; and Ru form 
another differentiating circuit, applying positive and 
negative pips to the grid of Viz, which removes the 
negative ones, and turns the positive ones into ampli- 
fied negative-going ones, just as does Vo. The flip-flop 
circuit is identical save for the alteration in the size 
of the coupling condenser between the two triodes. 
Indeed, the only difference between the second 
divider stage and the first is that the former has to 
have an unstable period approximately three times as 
long as that of the latter, since it has to divide by 
three from the first stage’s output frequency of 
6750 c/sec. In this connection, it will be noted that 
Cs is roughly three times as big as Cs, while Ris and 
Ros are both of the same value. 


When we come to the third divider stage, we have 
the same thing all over again, except that this time 
the circuit has to divide by five. In order to keep 
the condensers as small as possible, the grid leak Ras 
is raised to 4 megs. so that the timing condenser Cs 
is only 250 puf. instead of 350 wuf., as would other- 
wise be required. This process is continued in the 
fourth stage, which divides by nine times. It is given 
a grid leak of 8 megs. so as to reduce the value of Ce 
to 0.00125 uf. from the 0.0035 uf. that would be needed 
if the 3 meg. value were retained. One of the main 
reasons for increasing the grid leaks in this way is to 
ensure that the voltage jumps remain as rapid as 
possible, so that no noticeable time delays occur as 
we go through the divider chain. The dividers are all 
triggered at the same time as the negative jump 
occurs at the plate of V» in the master oscillator cir- 
cuit, and in order to prevent complication, we want 
the inevitable time delays that occur when one divider 
is triggered from the previous one, to be as short as 
possible. The total delay through the whole chain has 
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thus been kept down to a small fraction of a micro- 
second. 


SETTING UP THE DIVIDERS 


The process of setting up the dividers so that their 
division ratios are all correct is not at all a difficult 
matter. The simplest way of doing it is to have leads 
which can be taken to any part of the circuit, and 
which go to the two vertical deflecting plates of the 
oscilloscope. One lead is taken to the output terminal 
of the divider to be set up, and the other to the trig- 
gering voltage for the same stage. A lead is also 
taken to the scope’s synch. terminal from the trigger- 
ing voltage. For example, to set up the first divider 
stage, one Y-plate and the synch. lead are attached to 
the plate of Vos, while the other Y plate is attached 
to the plate of the right-hand half.of Vu. It must be 
remembered that when this is done, one of the wave- 
forms on the screen will be shown upside down, but 
for the purpose we have in mind, this does not matter 
very much, as long as the fact is remembered. It is 
best to arrange things so that the output waveform 
of the flip-flop is shown the right way up, with the 
synchronizing pips upside down. First of all, the 
time-base of the oscilloscope is controlled so that 
three of the input pulses are shown on the screen. 
For this purpose, it is essential that the flyback of the 
trace be visible. Otherwise, one of the pips might be 
missed, and the setting-up procedure to be followed 
would then result in the wrong division ratio being 
obtained. Since the time-base is locked by the synch. 
pips, and since the flip-flop is also triggered by them, 
both waveforms must be stationary on the screen. It 
is best, while setting the time-base, to take off the 
connection to the ’scope from the output of the 
flip-flop, so as not to confuse the picture for a start. 
When the time-base is set, attach the other Y plate, 
and examine the picture. If the flip-flop is being trig- 
gered correctly, only one cycle of the output square- 
wave will appear on the screen, but if the division 
ratio is not correct, then more or fewer can show. 
For the correct ratio, the picture should resemble 
Fig. 9. Here, it can be seen that the triggering pip 
A triggers the flip-flop so that the right-hand triode is 
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cut off, producing a positive voltage jump up to the 
level of the H.T. voltage. The circuit stays in this 
condition while two more triggers, B and C, arrive, 
but are ineffective. Then, between C and D, the 
recovery of the untriggered state happens, and D 
triggers the circuit once more. Ideally, the recovery, 
during which the negative jump occurs at the output 
terminal, should take place just. half way between 
triggering pulses C and D. This is because various 
effects can cause the time of the’ recovery jump to 
vary slightly either way. It is thus good. practice to 
set it half way between the pips so that it has to drift 
as far as possible before the circuit slips out, and 
starts to trigger on a wrong pip, making it. divide 
either by two or four, depending on which way the 
drift has occurred. Because of possible confusion 
caused by the presence of the fly-back, it is best if 
the time-base runs slowly enough to take in three 
or more cycles of the output frequency. This can be 
done initially by counting out, say 12 triggering pips, 
for a stage dividing by three. Should the divider slip 
to a wrong ratio, the picture will still be a locked one, 
but if the new division ratio will also divide evenly 
into the number of synch. pips shown on the screen, 
the picture will still show clearly what is happening. 
A little experience with the use of the ’scope on these 
waveforms will soon familiarize the operator with the 
look of the pictures to be expected. 

If the division ratio is not correct, the ’scope pat- 
tern is used to find out what it is, and this will then 
show us whether the timing condenser C, needs to 
be made smaller or larger. If it is dividing by two 
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instead of three, the condenser will have to be in- 
creased, and vice versa if it is dividing by four. How- 
ever, on the first stage, it is not likely that any great 
changes will be needed in Cs, since the variable por- 
tion is quite a large proportion -of the total. 


All the other dividers are set up in the:same way, suc- 
cessively, for it is clearly impossible to set one up until 
all those preceding it are functioning correctly. When our 
own circuit was being built, we fell into a trap. that 
intending builders of the circuit would be well advised to 
note. We had not been very fussy about the exact fre- 
quency of the master oscillator, but had quickly adjusted 
it, as we thought, to be quite close to the final fre- 
quency of 20,250 c/sec. Then, after having to drop the 
construction for a time in favour of more urgent work, 
we took it up again and proceeded to build the divider 
stages. These were adjusted in turn, and were working 
perfectly, right down to the last. Then came the acid 
test. This, of course, was to use the 50-cycle: mains 
as a time-base, for displaying the “50-cyclé” square wave 
derived from the master oscillator; in order to: see how 
closely the frequencies coincide. When this was done, it 
was found that our output frequency was.not .elose to 
50 c/sec. at all, but was very close to 66.6 c/sec., exactly 
4/3 times the correct frequency! A careful check of the 
dividers showed that they were not the cause of the 
trouble, so the only possible cause was in the: frequeticy 
of the master oscillator. This was checked, and found, 
sure enough, to be very close to 27,000 c/sec. The fre- 
quency was then lowered to the correct value, and’ the 
dividers were checked, and found that now their. division 
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and of convenient size to be again manu- 
factured. Those who were fortunate enough 
to secure some of the previous shipment 
understand just how good these transformers 
are. 
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intended to provide the largest number of 
record enthusiasts with the best possible 
reproduction of standard and microgroove 


records. 


So this pick-up satisfies four all-important 
requirements: 


It will reproduce both standard and microgroove records. *It is simple to operate; a 
turn of the front knob brings either stylus into use. *The output characteristics give 
balanced, distortion-free reproduction with minimum surface noise when used in conjunc- 
tion with commercial equipment such as the normal radio set. %*It is extremely kind to 
the record—giving long record life. The careful design gives exceptional tracking cap- 


abilities at the low stylus pressure of 10 grammes. 


always well ahead 


Available now from exclusive New Zealand Distributors 
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Developments in Transistors 
(Continued from Page 20.) 


follower, the power gain in the grounded collector cir- 
cuit is low. Figures ranging from 10 to 15 db. have 
been reported for the point contact transistor, and up 
to 17 db. for the junction type. A unique property of 
the grounded collector transistor occurs when the cur- 
rent gain factor is allowed to exceed 1, which is com- 
mon in Type A units. Under this condition, the amplifier 
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TRANSISTOR VACUUM TUBE 


FIG. 8 


may become bidirectional, amplifying signals going in 
either direction. 


THE DUALITY PURPOSE 


The most useful tool which has been used in the 
development of transistor circuits is the principle of 
duality. By the employment of this technique, standard 
vacuum tube circuits may readily be “extrapolated” to 
transistor circuits having similar properties. 


The basic concept in duality is that the transistor is 
a current operated device rather than a voltage operated 
device like the vacuum tube. Therefore, replacing cir- 
cuit elements having certain voltage characteristics in 
the standard vacuum tube circuits with elements having 
similar current characteristics, and vice-versa, will lead 
to a circuit which functions well, in a surprising number 
of cases, when a transistor is substituted for the vacuum 
tube. This interchangeability of voltage and current 
functions is quite graphically illustrated in Fig. 8, where 
the static characteristics of the triode tube and the trans- 
istor are compared. Note that emitter current bias 
replaces grid voltage bias, collector current replaces 
plate voltage, and collector voltage is interchanged with 
plate current. Note also that the voltage gain factor of 
the triode (mw), the ratio of plate voltage change to 
grid voltage change, has been replaced in the transistor 
characteristic by alpha, the ratio of collector current 
change to emitter current change. 


Some of the common circuit elements and their cor- 
responding duals are compared in Fig. 9. Note that in 
each the role of current and voltage are interchanged. 
The dual of a capacitor, for example, in which the 
current is proportional to the time rate of change of 
the impressed voltage, is an inductance, in which the 
voltage drop is proportional to the time rate of change 
of the current. Similarly, the dual of the conventional 
parallel resonant circuit used for tuning in yacuum 
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CONSTANT 
CURRENT 
SUPPLY 


CONSTANT 
VOLTAGE 
SUPPLY 


"DUALS" OF SOME COMMON 
CIRCUIT ELEMENTS 


FIG.9 


tube circuits because it develops high impedance and 
voltage) at resonance, is a series resonant circuit in 
transistor practice since it exhibits low impedance 
(passing high current) at resonance. Likewise, the dual 
of a voltage step-up transformer is a current step-up 
transformer, as shown. 

As an example of the use of the duality technique, 
suppose that it is necessary to convert the standard 
tuned-plate, tuned-grid vacuum tube oscillator of Fig. 
104 into a transistor oscillator. To do this by duality, 
the circuit elements of Fig. 10A would be replaced by 


POSITION IN WELLINGTON WITH A 
FUTURE 


Young man, 16-19 years of age, required for small radio 
and electrical importing and manufacturing company 
handling specialized equipment. 

Knowledge of commercial techniques not essential, as 


the necessary training will be given, but applicants should 
at least have interest in radio or electronics as a hobby. 


Applications, in writing, should be addressed to— 


“EXPANSION” 
C/o Radio & Electronics (N.Z.), Ltd., 
P.O. Box 8022 - - - 


Wellington 
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VACUUM TUBE 
T.G.T.P. OSCILLATOR 


TRANSISTOR "T.E.T.C." 
OSCILLATOR BY DUALITY 


FIG. 10 


the corresponding dual circuit elements shown in Fig. ‘ 
The parallel resonant combinations Li, Ci and Ly, C, 
are replaced by low impedance series resonant circuits, 
the D.C. bias blocking capacitor (Cs) is replaced by the 
R.F. blocking inductance (RFC), the high grid bias 
resistor (Ri) would be replaced by a low resistance, and 
the constant plate voltage supply would be replaced by 
a constant current collector supply. The resultant trans- 
istor circuit is shown in Fig. 10s. 
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AUDIO-MEN! 


We can supply all those high- 
grade components and equipment 
| by fast mail-order. Send us your 
list for a rapid quote by return 


mail, 


| i | 
| | 
WILLIAMSON AMPLIFIERS | 

Let us quote you for complete kitsets | 


or selected components ... and for | 


everything else in Radio. 


All Orders Post Free 


RADIO - SPARES 


P.O. BOX 2003 WELLINGTON 


ASBESTOS - Winch WOVEN 
RESISTANCE NETS 
COST SO LITTLE 


and 
FELP SO °MUCH 
Limited number of 4-watt, 6-watt, 50-watt, 


and 100-watt types available ex stock. 
6 


Stocks avatlable from 


Bradiey’s Electrical Go. Ltd. 


57 Victoria Street, Wellington 
and at 


624 Cook Street, Auckland 
New Zealand Distributors for 
The Cressall Manufacturing Co., Ltd., 
Birmingham, England. 
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British Radio Component Show 


The tenth annual exhibition of the Radio and Elec- 
tronic Component Manufacturers Federation held at 
Grosvenor House, Park Lane, London, W.1, from 
April 14 to 16, was the largest and most comprehensive 
yet held. In ten years the number of exhibitors (now 
120) has doubled and the display area increased sixfold. 


Before the war 90 per cent. of the products of the 
Federation were used in the manufacture of British 
domestic radio and television receivers. Today, in spite 
of the expansion of television—each set using something 
like four times the number of components in a radio 
receiver—only 40 per cent. of British components are 
used in this way. Direct export sales of loose components 
account for 25 per cent. of the production and the rest 
goes into communication equipment, radar, scientific 
instruments, medical apparatus, and the steadily increas- 
ing electronic equipment in diverse industries, 

This exhibition has the virtue of being compact and 
easy to inspect in full. It attracts up to 20,000 visitors, 
all technically interested, a large proportion coming from 
some 30 countries abroad. It is not surprising, therefore, 
that it is chosen by most British component and valve 
manufacturers as the exhibition in which to launch any 
new idea or product. The exhibition, moreover, has a 
two-way interest for manufacturers—it has become a 
pleasant annual meeting place for exchange of informa- 
tion between manufacturer and client. 


British manufacturers, schooled in the war years to 
produce components of the very highest reliabiltiy for 
use in every climate, continue to keep up their standards 
and it is significant that the industry itself has led the 
way in the establishment of standard specifications for 
almost the whole range of components. 


These have been published by the Radio Industry 
Council (representing all sections of the radio industry) 
at intervals over the past few years. 


TRENDS IN VALVES 


Among main trends this year are the development of 
components for the two higher bands in the V.H.F. 
range and the simplification and miniaturization of com- 
ponents. The two bands for which much commercial 
equipment will be needed next year and later—the 150 
me/sec. and 400-500 me/sec. bands—require special 
valves, coils, resistors, and capacitors for radio fre- 
quency stages in the receivers. These and the necessary 
valve-holders, coil-formers, and other insulating materials 
were shown. 


Radio frequency valves capable of being used as 
ascillators up to approximately 600 mec/sec. are already 
obtainable in quantities. These are manufactured in 
various types with the standard 6.3v. heater and the 
universal A.C-D.C. voltages—all of them have the 
glass base. 

Other valves of the disc-seal type for still higher 
frequencies are also included in most tnanufacturers’ 
ranges. One interesting valve for use as detector for both 
frequency modulation or amplitude modulation is a 
“nonode.” 


Parallel with the development in valves is that of 
cathode ray tubes. These vary in size from one only 
linch square to another 20in in diameter. The majority 
of tubes in British TV receivers is still the 12 in. type, 
but the 14in. rectangular tube is growing in popularity. 
There will be special interest this year in the latest 


| 


examples of germanium crystal diodes as now incorpor- 
ated in some television receivers. 

The incorporation of ion-traps is now almost stan- 
dard, A necessary accessory to the cathode ray tube— 
the rubber mask—will be shown for all tube sizes and 
types by a British firm which manufactures about 90 
per cent. of the masks sold in Britain and a large part 
for the Continental companies. 


MAGNETIC MATERIALS 


Other accessories to the picture—focusing magnets 
and deflection coils—are now made with modern magnetic 
moulded materials, magnadur for the focusing and fer- 
roxcutbe for deflection. Ferroxcube is now widely used 
for varying the inductance of coils or transformers and 
as the core in chokes or transformers. Magnadur takes 
the place of the normal iron or steel permanent magnet 
and retains its magnetism despite rough handling and 
shocks. Both are obtainable in any type of moulding. 
Several manufacturers showed deflector coils and focus- 
ing units to operate with the 9Ky-12Kv high tension 
voltage applied to the anodes of most of the recent 
picture tubes. 


Tuning and compensating coils were shown by half a 
dozen companies, while on the radio frequency side 
double and multiple tuners for covering several chan- 
nels are available in either turret or pack form. The 
standard tuner can be switched to five channels but is 
also made to cover up to seven. 

The aerial manufacturers showed improved types of 
dipole aerials and feeders and alternative models for 


DON’T BE CAUGHT 
| this Winter 


| KEEP YOUR BATTERY 
FULLY CHARGED WITH A 


 SWANLEC BATTERY CHARGER 


Your assurance against a flat battery, the 
SWANLEC Charger is available in 6/12 vy. 


Zamp., 6v. 2amp., 12 vy. 2amp., 6v. 4 amp. 
GUARANTEED FOR 12 MONTHS 


SWAN ELECTRIC CO. LTD. 


Auckland Christchurch 


Wellington 
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horizontal or vertical polarization with numerous fittings 
for adaptability to local conditions. 

In the field of resistors and capacitors still further 
advances have been made in miniaturization and reliabil- 
ity. Electrolytic capacitors have been reduced in size 
by about one-third, while working temperatures are 
raised to 85° centigrade to 100° in the case of one using 
tantalum and to 120° in another case. 


Some ceramic capacitors work at several thousand 
volts and are small enough to be used for suppressing 
electrical equipment like shavers and hair-dryers. 


Among the thousands of accessories to the manufac- 
ture of radio, television, gramophone, and _ recording 
apparatus there are new types of automatic record- 
changing mechanisms by three firms. All are three-speed 
models catering for the latest long-playing records. One 
new type pick-up tracks as low as 20 cycles and with a 
pre-determined needle-point pressure of 7.5 grams. for 
all types of record. Another virtue of the pick-up 1s 
that it is fully tropicalized by sealing as indeed are most 
British components. 


MICROPHONES 


One of the most popular microphones is a_ ribbon 
model—a high impedance unit with a response which does 
not vary more than +2 db between 50 cycles and 
9 kc/sec. Below 50 cycles the characteristic rises, making 
it particularly suitable for use with high quality ampli- 
fiers and tape recorders. 

With the increasing market for tape recorders several 
firms showed multiple-speed motors and recording heads 
and all the components required for manufacture, as 
well as the complete desks for use separately or for 
inclusion in expensive radiograms, 
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The 300 different items exhibited included miscellane- 
ous materials, components and gadgets like corded solder 
with a new type of flux, soldering tags, screws, wire 
and cables of all types, and metal chassis, One interest- 
ing small component was a new device to supersede fuses 
in electric circuits. This is an automatic cut-out which 
operates as pre-determined currents of as low as 50 ma. 
It is capable of withstanding overloads up to ten times 
the normal current and gives a clear indication when it 
has been operated. 


Among the hundreds of fastening devices is a new 
range of patented self-tapping screws and drivers and a 
fastener unit in which a pre-assembled Jock-washer is 
trapped under the head and cannot be lost. This simpli- 
fies assembly as well as servicing and saves time in all 
operations. 


Several of the loudspeaker manufacturers are concen- 
trating on units for overseas, including a 25cm, ellipti- 
cal speaker for domestic purposes, and a _ 3-watt 
re-entrant and a large re-entrant horn type. 


TEST EQUIPMENT 


Comprehensive ranges of specialist test gear were 
shown by several well-known manufacturers. These con- 
sist of signal generators, oscilloscopes, high resistance 
and electro-static meters for every purpose on the work 
bench or laboratory, and a portable frequency meter 
catering for all the likely ranges in the V.H.F. bands. 
One model covers 125-250 me/sec. while the highest 
covers 2000-4000 mc/sec. Another firm showed a very 
cheap but efficient signal generator for use on the pre- 
sent television band with a range of 100 ke/sec, to 70 
mc/sec. 


DYNAMIG 
Model PGD 


A COMPACT SUPERIOR QUALITY MICROPHONE 


® Standard 
gin. x 27, 


® Grey and chrome finish. 


e138 ft. cable. 


® High impedance. 


® Output frequency response 50 


to beyond 14,000 c.p.s. 


e 90-degree swivel head. 


This model was featured under Editers Opinion in 


May, 1949, 


Sole New Zealand Distributors: 


American thread 


. “Radio and Electronics,” 


Retail Price 
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TRADE 


Mr. A. J. (Jack) Wyness who succeeded Mr. A. 
Wyness as Managing Director of H.M.V. in 1952 has 
now been appointed Chairman of Directors of this 
progressive organization on the relinquishment of this 


Mr. A. J. Wyness 


position by Mr. Wyness, Sen., the latter having now 
severed all active connection with H.M.V. (N.Z.) Ltd. 


Mr. A. J. Wyness who is well known in_ business 
circles throughout New Zealand and Australia has had 
extensive training for the high position he now occupies, 
having served for some time with the parent organiza- 
tion in England where he gained first-hand experience 
in the radio and recording production fields. He has 
recently returned from Australia where he has been in 
conference with the company’s Australian organization 
concerning television and it is understood that as a result 
of this conference the Australian and New Zealand 
organizations, with the support of their parent com- 
pany, will, when the time arrives, be fully geared to 
meet the public demands in their newest radio field. 


Mr. R. B. Pulham, Manager of G. A. Wooller & Co., 
Ltd., recently visited Australia to arrange supplies. 
BELGIAN AND JAPANESE TELEVISION 
CONTRACT 


Pye Limited of Cambridge, who recently announced a 
£70,000 television contract with Belgium, announce that 
in competition with several manufacturers, including a 
number of American firms, they have secured the sub- 
stantial Radio Tokyo television contract. 


During the next few months, three camera chains and 
the associated control equipment, all of which will oper- 
ate on the American TV_ systems, will be shipped to 
Japan from Cambridge, 
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The Belgian contract, mentioned above, consists of 
the equipment for two complete television studios for the 
“Institut National Belge de Radio-diffusion” I.N.R.— 
the Belgian Television Service. 

One of the outstanding features of the equipment to be 
supplied to Belgium is that it will operate on both 819 
and 625-line standards. This equipment will be the only 
one of its kind available anywhere in the world, and it 
will enable them to link up with either the French or 
the Dutch TV services, only a simple switch being 
necessary to change-over any unit from one system to 
the other. 

* * * 
CANADIANS ORDER TV TRANSMITTER FOR 
OTTAWA 


The Canadian Broadcasting Corporation has ordered 
British television transmitting equipment for the Can- 
adian capital, Ottawa. This will be the third station in a 
network the corporation is planning to build across the 
country, of which the Toronto and Montreal stations 
have been working since September. 


Ottawa will have a 5-kilowatt vision transmitter and 
a 3-kilowatt sound transmitter, with all associated moni- 
toring and control equipment. 


Although the new station is not due for completion 
until autumn, C.B.C. has asked that the transmitters be 
temporarily installed in the existing A.M. sound broad- 
casting station. at Ottawa, so that viewers can see tele- 
films of the Coronation. This should he done by the 
middle of May. 


FOR HIGH SPEED PRECISION SOLDERING- 


pu sors TRI-SOL 
Activated resin-corep sowver 


Sole New Zealand Distributors: 


SWAN ELECTRIC CO. LTD 
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To do it, Marconi’s Wireless Telegraph Co. Ltd., who 
will supply all the transmitting equipment in association 
with the Canadian Marconi Company, and who also 
supplied entire studios and outside broadcasting units for 
the two existing Canadian stations, will erect a single- 
stack aerial on the site. This will transmit signals over 
a range of approximately 15 miles. 

When the transmitters are moved to their permanent 
site, signals will go out from a 12-stack high-gain aerial. 
This will serve to increase the signal strength to about 
55 kilowatts, and the radius of reception is estimated at 
some 40 miles, though it may be much wider. 

Reason for this special aerial is one of economy; it 1S 
cheaper to use a lower-powered transmitter with an 
aerial which steps up signal strength rather than a more 
powerful transmitter and small aerial. 


Ottawa will not have its own television studios but 
will, instead, transmit programmes sent by link from 
Montreal and Toronto. 


The equipment will be of a standard type similar to 
that supplied by this company to B.B.C. television trans- 
mitting stations, though it will be a 525-line system. 
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RADIO SERVICING 


Correspondence Course specially compiled to meet New 
Zealand Examination Syllabus. Free prospectus. 


NEW ZEALAND RADIO COLLEGE 
26 HELLABY’S BUILDING — - - AUCKLAND C.1 


IT DOESNT MATTER 


. . . Whether you travel for pleasure 
or for profit, there is only ONE mode 
of travel that combines speed, com- 
fort, and economy. 

For just over 2d. a mile First Class, rail 
travel offers you fast journeys and unriv- 
alled comfort. In the train you have room 
to move; there is relaxation and freedom 
from travel fatigue. You don’t have to 


worry about congested highways, traffic 
problems, bad weather. 


Consider these features of modern, smooth- 
riding trains . . . reasons why, every 


year, FOUR MILLION passengers prefer 
the railway for long-distance journeys: 

® Fast schedules 

6 Wide scenic windows 

® Spacious toilet facilities 

© Roomy reclining seats 

® Ample luggage space 

@ Roller-bearing bogies 


Save Time, Save Money— 


TRAVEL BY TRAIN 


FERRANTI 


Available from stock—flush mounting 
34 in. and 24 in. instruments of all types. 


MOVING COIL 


MOVING IRON 


RECTIFIER TYPE 
THERMOCOUPLE 


ELECTROSTATIC 


The well-known FERRANTI AC./D.C. 


Circuit Tester and A.C. Test Set are also 


available from— 


The New Zealand Agents: 


ARTHUR D. RILEY & CO. LTD. 


124 Hobson Street, 
AUCKLAND 


66-68 The Terrace, 
WELLINGTON 
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equipment. 
3 UT when you have jobs which demand the best in transformers, 
chokes, or metal-rectifier equipment, 


YOU DO NEED 


our specialized knowledge and experience in these matters. 


Ask those who have used our services in the past. We know 
they will. advise you to bring your transformer problems, large 


or small, to 


TRANSFORMER CO. OF NEW ZEALAND LTD. 
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™ hr U “gmc... LATEST RELEASES IN ELECTRICAL 
NEW PRODUC = AND ELECTRONIC EQUIPMENT 
This section of our paper is reserved for the introduction of new products and space preference is given to 
our regular advertisers. Advertising rates are charged according to space occupied. For further parti- 


culars contact Advertising Manager, R. and E., Box 8022, Wellington. 


“ULTIMATE” 6V. MULTI-WAVE RECEIVER 

The new “Ultimate” Mantel Model Receiver illus- 
trated here is a contemporary styled cabinet modelled on 
clean lines and generous proportions. 


The “Ultimate” multi-wave receiver has a large flood- 
lit dial in four colours with an easy to read scale ade- 
quately marked with station call-signs. 


The set employs a 69H Rola elliptical speaker and is 
equipped with a plate aerial which serves also as a back 
to the receiver. There are controls at either end of the 
set, one being a tone control and the other a wave-band 
switch. : 


In front there are tuning and volume switch controls. 
The cabinet is finished in figured walnut veneers and the 
set retails at £36 8s. 6d. which.is outstanding value for 
this type of receiver. 


6 K * 


E.M.I. TRANSCRIPTION PICK-UP 


Messrs. H.M.V. (N.Z.) Ltd., announce the arrival of 
the E.M.I. Type 17 Transcription Pick-up, the distribu- 
tion of which is being handled by its trade division, 
E.M.I. Suppliers, P.O. Box 296, Wellington, to whom 
all inquiries should be addressed. 


This E.M.I. type 17 pick-up is designed mainly for 
professional and studio use and will accommodate discs 
up to 17 in. diameter. Interchangeable plug-in heads fitted 
with cantilever mounted sapphire styli of either 0.025 in. 


CAR RADIOS for £17-10-0. 


The New Cambridge CAR RADIO KITSET enables the serviceman 


or home constructor to build a set which is the equal of any commer- 


cially built six-valve car radio. 


The NEW Cambridge Kitset features: 
Six Philips Rimlock Valves 

High Gain I.F.’s 

Spark Plate 

Aerial Filter 

Six-inch Speaker 


Available for 6 or 12 volt operation. 


All coils and transformers designed for the job and all components 
the best quality. No hash, no ignition noise, and tons of punch. 


DON’T DELAY—ORDER TODAY! 


WEBB’S RADIO LIMITED. 


WELLESLEY STREET EAST 
AUCKLAND 
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or 0.0015in. are available. The frequency response is 
sensibly level from 30-12,000 c/sec. on standard records 
and from 30-10,000 c/sec. on microgroove records. The 
sensitivity is —60 db./cm./sec. R.M.S. transverse velocity 
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200 or 600 balanced or unbalanced lines: The outputs 

from the transformers are approximately 30 mV., 4.mV., 

and 2.5 mV, respectively. - ae pee 
Further details will be supplied on application’ to E.M.1. 


(Odb =ImW), and the impedance measured at 1,000 suppliers, P.O, Box 296, Wellinston.-162.172 Wakeheld 
c/sec. is 12, while the total harmonic distortion, measured Sreeee Wellincton : Sr on me = 
at 400 ¢/sec, as less than’5 ‘per: Cent’ for “a recording }: 222 = 
level of +20 db referred to 1 cm./sec. R.M-S. transverse 
velocity. 


A unique feature is the single pivot arm suspension i, v : CTs n % 
which offers negligible resistance to normal horizontal ; 2 Rode = 
and vertical movement. An oil damping system is incor- YP = ITE: 
porated to provide a retarding effect against violent : 
movement. 


New .Zealand Distributors: 


E.M.I. SUPPLIERS 
162-172 Wakefield Street - - 


Two types of transformer are available for use with 
the pick-up. Type 34680 CQ for matching into a high 


impedance circuit and type 46775E for matching into Wellington 


witch 
Chet HOME CONSTRUCTORS - 


When there's a bett . 
FOR VALVES AND COMPONENTS 


ARCOLECTRIC will make if 


ts 


COOPE 


Write or call on 


New Zealand Agen 


ON. 
R LTD. WELLINGT 
GREEN & 


Cambridge Radio & Electrical Supplies 


Box 6306 or 38 Cambridge Ter., Wellington 


FOR ALL RADIO WORK 
Look for the “Red Carton”—the handy 
patented container that keeps your “Multi- 
core” Solder right on the spot when you want 
it. Contains three cores of non-corrosive flux. 


18 S.W.G. 60 per cent. Tin, 40 per cent. Lead. 
SEE YOUR LOCAL RADIO DEALER 


Also available from All 


Branches of TURNBULL & JONES LTD. 
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HEADQUARTERS NEWS 

The last Council meeting of the Institute’s year was 
held on Wednesday, 27th May. As this issue of Radio 
and Electronics went to press before that date, it has not 
been possible to include an account of the proceedings 
in this issue of Radio and Electronics. However, the 
agenda is already to hand, and a number of important 
matters are to be discussed. Perhaps the most important 
of these is a report to be submitted by a special sub- 
committee of Council, set up to investigate the matter of 
recogntiion by outside bodies of membership qualifications 
of the Institute. The results of a postal ballot will be 
scrutinized, on the subject of the continuation of Radio 
and Electronics as the official journal of the Institute. 
It will be remembered that, as this is a matter which 
affects all grades of members, while only corporate 
members are entitled by the consttiution to vote on it, 
a Gallup poll of the total membership of the Institute 
was held, to obtain the general feeling, and to act as a 
guide to corporate members when voting on this import- 
ant question. The postal ballot referred to is the result- 
ing ballot of corporate members. This will also be the 
last meeting of the old Council, whose final task will 
be to make arrangements for the Annual General Meet- 
ing of the Institute. 


WELLINGTON BRANCH NEWS 


The April meeting of the Wellington branch took the 
form of a visit to the X-ray department of the Wel- 
lington Hospital, where members inspected the diagnostic 
and therapeutic equipment, and had its technicalities 
described by a member of the hospital’s technical staff. 

It was surprising to find how complex modern X-ray 
equipment has become, particularly in view of the 
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extreme simplicity of its basic circuitry and principles. 
Most of the complication arises through the need for 
very exact control over the strength, timing, and hard- 
ness of the rays used for various purposes. For photo- 
graphic use, quite different types of ray are used com- 
pared with those used for therapy work, and for “screen- 
ing’—the visual viewing of X-ray patterns with the aid 
of a fluorescent screen. Very elaborate precautions have 
to be taken, especially in the therapeutic machines, to 
prevent all possibility of exposure to the rays by any- 
one other than the patient, and also for controlling the 
exact dosage to which the patient is subjected. It is in 
these controlling functions that most of the electronic 
equipment is to be found, in spite of the fact that the 
X-ray tube itself is an electronic device. It was surpris- 
ing, too, to find somewhat crude electro-mechanical gear 
used for solving the rather delicate problem of ensuring 
that mains power is not applied to or removed from the 
X-ray tube except when the voltage is passing through 
its zero. 


WELLINGTON BRANCH TV PROJECT 

3v the time this appears in print, the construction of 
the Branch’s television transmitter will haye commenced, 
The best news to date is the advice received from Messrs. 
H.M.V. (N.Z.) Ltd. that their principals, Messrs. E.M.L., 
have decided to send to the Branch, on extended loan, 
two of their latest types of camera tube, the C.P.S. 
Emitron. These tubes will probably be forwarded by air 
freight, and should be here very shortly, 

It would certainly appear that there is now nothing 
but the Branch’s own working time needed before we 
have a TV signal on the air, and the Committee hopes 
to achieve this object by January of next year. 


Missing and Stolen Radios 


Criminal Investigation Branch, Palmerston North 

Autocrat 6-valve B.C./auto radio, serial No, 1408: 
milk coloured, round plastic front, light brown steel 
case. 
Criminal Investigation Branch, Wellington 

H.M.V. auto radio, model 524, serial No. 32577: 
12-volt broadcast, in amplifier, speaker, and tuner 
units, 7in. x 6in. x 2in.; black dial with white letters 
and figures; five push buttons and two black control 
knobs on each side of dial. Amplifier in black metal 
case; licence No. 26122. “Rola” speaker unit 6 in. 
diameter. 
Criminal Investigation Branch, Dunedin 

“Courtenay” 6-valve dual-wave, model 166, serial 
No. 20490. Four adjustable knobs set in medium oak 
cabinet 24in. x 12in. x 10in.; round dial with narrow 
pointer travelling full width of dial. 
Criminal Investigation Branch, Queen Street Wharf 

Police Station, Auckland 

Mullard” battery/electric ‘portable, Model MAB 
1052, ‘sertal No 298916; size Sins x 12in» xesans 
front, top, and back silver, ends navy blue; two round 
control knobs; handle on top; rectangular dial. 


Police Station Tauranga 

“Westco” 4-valve broadcast model A.C. 230 W. 
Serial No. any one of following, 42439, 38381, 38920, 
3836, 7675, 7677, 38932. Maroon plastic cabinet 9 in. x 
8 in. 
Auckland 

HL MeVve | Perth’ 
brown and white. 

“National” radio, serial No. 111/85, colour brown. 


radio, serial No. 25262, colour 


Police Station, Wanganui 
“Columbus” 5-valve broadcast mantel model, serial 
No. 04105. Light brown wooden veneer cabinet, fitted 
with internal loop acrial; vertical dial. 
Criminal Investigation Branch, Christchurch 
“Aerial,” 6-valve broadcast, battery/electric port- 
able, serial No. 901. Red perspex cabinet. 
“Motorola” 5-valve auto radio; chassis No. 4225/ 
116657; 15in. x 9in. x 9in.; brown bakelite front, 
fitted with two cables to separate control panels. 
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“Wireless and Electrical Trader,” Vol. 9, Nos. 1180 
and 1181. 
“Service,” February, 1953. 
“N.Z. Science Review,” Vol. 11, Nos. 1 and 2, 
and February, 1953. 


January 


“Electronic Engineering,’ March, 1953, Vol. XXV, 
No. 301. 

“A.P.A.E. Journal,” March, 1953, Vol. 4/3. 

“Westinghouse Engineer,” Vol. 13/2, March, 1953. 
‘Westinghouse Electric Corporation, Pittsburgh, Pa., 


U.S.A.(H. W. Clarke (N.Z.), Ltd.) 

“Philips Technical Review,’ Vol. 13, Nos. 11 and 12; 
N.V. Philips Gloeilampenfabrieken, Eindhoven, (Philips 
Electrical Industries of N.Z. Ltd.) 

“Electron Tubes in Industry” (Henry and Fahnes- 
tock). McGraw-Hill Book Co., Inc., New York, U.S.A. 

“Principles of Radar” (Reintjes and Coate), 3rd Edi- 
tion. McGraw-Hill Book Co., Inc., New York, U.S.A. 

Radio Industry Council Specification No. RIC/121— 
Issue No. 1, Sections 1 and 2, Resistors, Rotary, Vari- 
able, Wire-wound. 

“Technique,” Vol. 6/4, October, 1952. Muirhead & 
Co., Ltd., England. (Richardson McCabe and Co., Ltd., 


Wellington). 


with S.T.C. Miniature 
Radio Rectifiers 


aN 
SIC Write phone or call the Sole N.Z. Agents 
PRODUCT. = A 


STANDARD TELEPHONES & CABLES 


PTY. LTD. 
Wellington - - Box 593 Auckland - - Box 571 
Christchurch - Box 983 Wanganui - - Box 293 


ELECTRONICS A7 


“Radiotronics,” Vol, 18/4, April, 1953. Amalgamated 
Wireless Valve Co. Pty. Ltd., Sydney, Australia. 

“Remote Control by Radio,” A. H. Bruinsnia, Philips 
Technical Laboratory, N. V. Philips Gloeilampenfab- 
rieken, Eindhoven, Holland. 


EXTENSION LOUDSPEAKERS 
(Continued from Page 6.) 


in parallel require half the load impedance that a single 
tube does, the transformer obviously needs the same 
turns ratio as before. The only difficulty may be that 
the extra H.T. drain of the additional output valve will 
be too much for the existing power transformer to 
handle without overheating. The additional power valve 
could be built as a separate unit, with its own little 
power supply, and fed with audio input voltage from the 
grid pin of the original output valve. This would, of 
course, necessitate a separate output transformer for 
the extension speaker, but the installation would then 
have no observable effect on the main set. 


CLASSIFIED ADVERTISEMENTS 


FOR SALE—Two new ZC1 MK.1 Transceivers, crystal 
controlled on 2162 and 2182 kc/sec. Marine fre- 
quencies. 12-volt operation. Also 2 pairs crystals as 
above.—Parminter’s Radio Service, Wairoa. 

£5 REWARD will be paid for return of Phileo Portable 
Model 354 No. 37977 (on hire to a Maori).— 
Parminter’s Radio Service, Wairoa, H.B. 


WIDNEY-DORLEC 
CABINET 
SYSTEMS 

> 


New Zealand Representative 


W. G. LEATHAM 
LTD. 


104. FEATHERSTON ST., WELLINGTON 
P.O. Box 1284 TP Pion AS-314 
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Abstract Service 
(Continued from page 27) 
factors can be determined rapidly without recourse to analytical 
expressions. 
—Electronics (U.S.A.), February, 1953, p. 150. 


, 
PROPAGATION 
Frequency economy in mobile radio bands: the various factors 
affecting the usability of mobile radio channels are discussed, 
and estimates are obtained for all the number of usable channels 
per megacycle for several present and proposed methods of 


operation. ; 
—The Bell System Technical Journal (U.S.A.) 


Intermodulation interference becomes a serious factor in 
frequency usage when a block of consecutive channels is pro- 
vided for a given type of radio service in a confined area. 
Whenever energy at two or more radio frequencies combines 1n 
a non-linear circuit, as in transmitter output stages, or 1m 
receiver input stages, products at other than the original fre- 


quencies are created. The question is dealt with mathematically, 


and suggestions made for channel selection for the elimination 
of such interference. . 
—Ibid, p. 69. 


RECEIVERS 
An all-purpose super-selective I.F. amplifier: this amplifier 
uses two channels in parallel—a sharp one for C.W. or for 
phone. carrier, and a_broad one for a_’phone sideband. The 
construction is complicated, but the circuit is an interesting 


one for study. 
—@QST (U.S:A.), “March; 1953, p. 23. 


TELEVISION 


_Receiver changes to improve fringe reception; a practical 
discussion on how to increase TV set sensitivity by making 
tube A.G.C. and alignment changes. 


—Radio and Television News (U.S.A.), March, 1953, p. 42. 


The spook; Another weird effect to haunt TV. The spook 
originates as an electro-magnetic radiation from the horizontal 
deflection circuits of television receivers and is picked up by the 
sensitive R.F. or I.F. circuits of the receivers. When seen in 
the picture it appears as a narrow vertical band very close 
to the left-hand edge of the raster. This type of interference 
passed’ unnoticed for a long period, and the study of the 
elimination is interesting. 

—Ibid, p. 64. 


The noise content of the vision signal in fringe areas degrades 
the picture in two ways—it superimposes a gain on the actual 
picture and secondly it mutilates the line sync. pulses, causing 
the time-base to fire in a random manner. The frequencies of 
the saw-tooth output and the incoming sync. are compared in 
a discriminator circuit which provides a control for the saw- 
tooth generator. Thus the time-base is no longer controlled by 
each individual pulse, which avoids ‘‘jitter’’ in the fringe areas. 

—Wireless World (Eng.), March, 1953, p. 137. 

Television sound reception: selective circuits are necessary 
following the sound take-off from the common I.F. to eliminate 
vision signal break-through, while an adequate bandwidth is 
desirable to preserve the steep-fronted noise spikes in order 
that the noise limiting apparatus may be. efficient. Cross 
modulation is also to be avoided. The requirements are dis- 
cussed and the suggestion made for critical capacitance coup- 
ling which provides the required flexibility of adjustment. 


—Electronic Engineering (Eng.), March, 1953, p. 114. 


Philips Experimenter 


(Continued from Page 25.) 


100 ma., and the meter would just make it. For some- 
what lower impedances, the same meter will manage 
quite well, provided it is shunted so that only a portion 
of the current flows through it. 


AERIAL MATCHING PROCEDURE 


The first thing to do is to attach the aerial, with the 
milliammeter in series’ with it at the output terminal. 
The Phone/C.W. switch is turned to “Phone,” so as to 
avoid having to hold the key down, and with the large 
condenser in the tank circuit set at approximately half 
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capacity, the small one is s/ow/ly tuned through resonance. 
We emphasize the slowly, because thermo-meters are 
rather slow to respond, especially at low scale readings, 
and it is an easy matter to miss the indication as one 
tunes through it. The in-tune condition is recognized by 
maximum reading on the meter, and its value is noted. 
Then, a fairly large change is made in the setting of 
the 50 wuf. condenser, and the small one is re-tuned to 
give maximum reading. The size of the new maximum, 
compared with the original one will tell whether the 
change was in the right direction or not, and if several 
readjustments are then made until a setting of both con- 
densers is found at which the aerial current is greatest, 
this represents the best matching. Under some condi- 
tions, in particular, those where the feed-point imepd- 
ance of the aerial is very high, it may be that no position 
can be found for the output condenser, in which a 
maximum reading occurs. If this is so, it will be because 
the output condenser has to be turned so far out that it 
is no longer possible to bring the circuit into tune with 
the plate condenser. If this state of affairs is found, the 
solution is to add a little fixed capacity in parallel with 
the 150 wuf. condenser and try again. If the output is 
still on the way up when tuning occurs with the plate 
condenser at maximum, a little more fixed capacity 
should be added until it is possible to find the absolute 
maximum aerial current. 


Short aerials, such as whips, are likely to have a very 
low impedance, and it may be found with one of these 
that even with the output condenser at maximum cap- 
acity, a maximum aerial current has not been found. 
This is a case for adding some fixed capacity in parallel 
with the output condenser, so that a 500 ppef. fixed 
condenser will ensure a continuous range of values above 
the maximum capacity of the variable. For the receiver, 
no aerial matching arrangements have been made, becatse 
the question of matching is much less important than 
for the transmitter. The receiver.is very sensitive, and 
can be expected to give excellent Tesults even with a 
short piece of wire for an aerial, especially out in the 
country, away from man-made interference. It<is- hoped 
that this series of articles may have put some useful 
ideas into the heads of those contemplating some mobile 
equipment, even if they do not fancy the idea of dupli- 
cating the original equipment. 


Signal Generator 


(Continued from Page 31.) 


ratios were incorrect. It was merely half an hour’s work 


-on the values of the timing condensers to set.them right 


again, after which the frequency of the output pulses 
was found to be very close indeed to the mains frequency. 


Because of this, it is recommended that before the 
dividers are adjusted, provision be made for adjusting 
the frequency of the master oscillator. This can be done 
very simply by putting a bleeder across the H.T. line, 
comprising a 10k. potentiometer, at the H.T. end, and 
a 10k. fixed resistor to earth from its lower end. The 
grid leaks on the master oscillator valves are then re- 
moved from the H.T. line, and instead are connected to 
the slider of the potentiometer. The potentiometer then 
acts as a smooth frequency control for the oscillator, 
enabling it to be easily set to .frequency. Apart from 
gross frequency errors like the one described, consider- 
able frequency changes can be made without the dividers 
slipping to wrong ratios. 


-(To be continued.) 


Important Announcement 
WIDE RANGE OF 


CELESTION 


LOUDSPEAKERS 
AGAIN AVAILABLE IN NEW ZEALAND 


elect Celeicne — 
a dcund lfwtce 


Radio Manufacturers’ and Radio Traders’ Inquiries to 


THE CELESTION SPEAKER COMPANY 


C.P.O. BOX 3044, AUCKLAND, NEW ZEALAND 


New Zealand Distributors: 


Auckland Wellington 


Christchurch 


£ 


Dunedin 


CARBON RESISTORS 


Erie Resistors are the finest offering on the New 
Zealand market. Constant research has not only 
improved their electrical characteristics, but has 
resulted in the development of new, smaller units 
and insulated types that meet the urgent demand 
for efficient performance in restricted space under 
severe operating conditions. 


SUPPRESSORS 


Erie Suppressor Resistors are designed for the sup- 
pression of high-tension interference caused by the 
ignition system of internal-combustion engines with- 
out detracting from the performance of the engine. 
Available in four different types sufficiently diverse 
to fit any known make of car. 


POTENTIOMETERS 


_Erie Potentiometers are of the carbon-track type and 


embody a carbon-sprayed bakelite clement with a 
maximum overall dissipation of one watt, and are 
available in values from 2,000 ohms to 2 megohms 
inclusive, either with or without switches, which are 
of the S.P. Singe Throw and D.P. Single Throw 
types only. 


SILICONE FINISH 


-WIRE-WOUND RESISTORS 


Erie: Silicone-finish Wire-wound_ Resistors are wound 
on a high-grade ceramic former which will with- 
stand considerable thermal shock without disin- 
tegration. Windings are spot-welded to flexible 
copper nickel or nickel chrome wires brought out 
in the form of pigtails tinned with hot solder or 
connected to nickel silver bands according to indi- 
vidual preference. A wide range of ratings is ayail- 
able from stock in the more commonly used resist- 
ance valves. Quotations can be given for non-stock 
sizes. 


TURNBULL and JONES LTD. 


Hamilton Palmerston North Invercargill 


